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ABSTRACT 
 
       This study was carried out to detect the bacterial load and types of  
bacteria  in rendered slaughter by-products used as poultry feed.  
       Two by-products  processors  using  two  types  of raw materials ( 
poultry and ruminants slaughter by-products ) and   different  levels of 
sanitation were included in this study. Both processors employed  the 
dry-rendering system for treatment using horizontal steam jacketed 
apparatuses  (cookers ) . 
      Fifty  four  samples  were  taken  at  different  stages of 
processing, before cooking (Ground ),  after cooking  (Cooked )  and 
after  milling  and  packing  (Packed meals) and used  to :  
1-Determine the load and type of  bacteria in unprocessed  slaughter 
by-prod- 
   ucts. 
2-Determine  the load and type of bacteria in slaughter by-products at 
 various    stages of processing.  
3-Determine the efficiency of  treatment  procedures  in reducing the 
bacterial load and recommend the best methods to guarantee the 
microbiological  safety of processed slaughter by-products.     
    An average aerobic plate count of 11x107CFU/gm. was obtained for 
ground poultry  by-products  whereas the  average  coliform count was 
1.9 x 106CFU/ gm . After  treatment  at 116 C for 3 hrs  the  aerobic 
plate count  and coliform count declined to Zero in cooked samples, 
but  recontamination occurred after milling and packing to increase 
the count to 7.4 x 106 CFU/ gm..  
 xviii
     An  average  aerobic  plate  count of   5.0 x 107 CFU/gm. was 
obtained  for ground ruminants by-products before treatment and an 
average coliform count of   3.4 x 106 CFU/gm. . After  treatment  at 
230 C  for  4 hrs  the  count   was reduced to  1.4 x 103 CFU/gm. and 
coliform count  declined  to Zero, but after packing  the  average 
count  increased  to 5.5 x 105 CFU/gm and the coliform count was 1.6 
x 106 CFU/gm .This increase in bacterial viable count in packed meal 
is unacceptable in poultry additives.  
      A total  of 196 bacterial isolates were obtained and which were 
characteri-zed  according  to  their  morphology, Gram  stain  reaction, 
 and  biochemical reaction. Isolates included Escherichia coli , 
Sallmonella spp. , Klebsiella spp,  Proteus spp. , Yersinina spp. , 
Listeria spp.  , Pseudomonas spp.,  Staphyloco- ccus spp. 
,Streptococcus  spp. ,Bacillus spp. , Corynebacterium spp. and  aero-
tolerant Clostridium .The  high  contamination  rate  and  presence of 
potential pathogens in unprocessed samples constituted  high  risks 
for  humans and the environment.     
     The efficiency of the cookers was measured by examining the 
cooked sam-ples. The detection of  aero-tolerant  Clostridium  tertium 
 and  Bacillus mace-rans  in  cooked  ruminants  by-products 
indicated  the   inefficiency  of   the procedure   employed. Collection 
of   by-products  from  clean  sources   and increasing  the  holding 
time  or  repeat  cooking  will  improve  the  bacterial quality of 
ruminants  slaughter by-products meals.     
      Packed ruminants meal showed contamination by organisms 
usually found  in  raw  materials  such as  E. coli , Klebsiella  spp., 
Streptococcus spp. Cory-nebacterium  spp. and  Bacillus spp.,  and 
 xix
this suggests  possible  recontamin-tion from raw  material  during  air 
drying  either by  direct  contact  or  indirectly by insects and rodents .  
      Poultry  feed  additives are  usually  stored  for  a considerable 
time in the factory or poultry farms and this permits  the 
multiplication  of contaminating bacteria. Therefore re-sterilization of 
these additives is recommended before they are mixed in poultry feed. 
  
       
xx 
 ﻣﻠﺨﺺ اﻟﺪراﺳﺔ
       أﺟﺮﻳﺖ هﺬة اﻟﺪراﺳﺔ ﻟﻤﻌﺮﻓﺔ اﻟﻌﺪد اﻟﺒﻜﺘﻴﺮى وأﻧﻮاع اﻟﺒﻜﺘﻴﺮﻳﺎ ﻓﻰ ﻣﺨﻠﻔﺎت اﻟﻤﺠﺎزر 
  .ﻌﺎﻟﺠﺔ آﺄﻋﻼف ﻟﻠﺪواﺟﻦ اﻟُﻤ
ﻣﺨﻠﻔﺎت ) ﻳﺨﺘﻠﻔﺎن ﻓﻰ ﻧﻮع اﻟﻤﺎدة اﻟﺨﺎم        ﺗﻢ أﺧﺘﻴﺎر وﺣﺪﺗﻴﻦ ﻟﻤﻌﺎﻟﺠﺔ ﺗﻠﻚ اﻟﻤﺨﻠﻔﺎت وهﻤﺎ
آﻼ . ﺴﺘﻮى اﻟﺼﺤﻰ ﻟﻠﺘﺼﻨﻴﻊ وﻓﻰ اﻟﻤ( ﻣﺠﺎزر اﻟﺪواﺟﻦ ، ﻣﺨﻠﻔﺎت ﻣﺠﺎزر اﻟﻤﺠﺘﺮات 
ذو اﻟﺠﺪران ( rekooC)اﻟﻮﺣﺪﺗﻴﻦ ﻳﺴﺘﺨﺪﻣﺎن ﻧﻈﺎم اﻟﻤﻌﺎﻟﺠﺔ اﻟﺠﺎﻓﺔ ﺑﻮاﺳﻄﺔ اﻟﻄﺎﺑﺦ اﻷﻓﻘﻰ 
  . اﻷﺳﻄﻮاﻧﻴﺔ 
ﻋﻴﻨﺎت ) ﻋﻴﻨﺔ ﻣﻦ ﻣﺨﺘﻠﻒ ﻣﺮاﺣﻞ ﺗﺼﻨﻴﻊ ﺗﻠﻚ اﻟﻤﺨﻠﻔﺎت ، ﻗﺒﻞ اﻟﻤﻌﺎﻟﺠﺔ٤٥ﻤﻌﺖ        ُﺟ
واﻟﻄﺤﻦ واﻟﺘﻌﺒﺌﺔ ، وﺑﻌﺪ اﻟﺘﺠﻔﻴﻒ ﺑﺎﻟﻬﻮاء ( ﻋﻴﻨﺎت ﻣﻄﺒﻮﺧﺔ ) وﺑﻌﺪ اﻟﻤﻌﺎﻟﺠﺔ ( ﻃﺎزﺟﺔ
  : وذﻟﻚ ﺑﻬﺪف ﺗﺤﺪﻳﺪ (  ﻣﺴﺤﻮق ﻟﺤﻢ ﻣﻌﺒﺄ )
  .اﻟﻌﺪد اﻟﺒﻜﺘﻴﺮى وﻧﻮع اﻟﺒﻜﺘﻴﺮﻳﺎ ﻓﻰ هﺬة اﻟﻤﺨﻠﻔﺎت  -١
 .اﻟﻌﺪد اﻟﺒﻜﺘﻴﺮى وﻧﻮع اﻟﺒﻜﺘﻴﺮﻳﺎ ﻟﻬﺬة اﻟﻤﺨﻠﻔﺎت ﻓﻰ اﻟﻤﺮاﺣﻞ اﻟﻤﺨﺘﻠﻔﺔ ﻟﻠﺘﺼﻨﻴﻊ  -٢
آﻔﺎءة  اﻟﻤﻌﺎﻟﺠﺔ ﻓﻰ ﺗﻘﻠﻴﻞ اﻟﻌﺪد اﻟﺒﻜﺘﻴﺮى ، واﻟﻮﺻﻮل ﻷﻓﻀﻞ اﻟﻄﺮق ﻟﻀﻤﺎن ﺳﻼﻣﺔ  -٣
  .  اﻟﻤﻨﺘﺞ
 ﺑﻨﺎء  وﺣﺪة 701x11       آﺎن ﻣﺘﻮﺳﻂ ﺗﻌﺪاد اﻟﺒﻜﺘﻴﺮﻳﺎ اﻟﻬﻮا ﺋﻴﺔ ﻓﻰ ﻋﻴﻨﺎت ﻣﺨﻠﻔﺎت اﻟﺪواﺟﻦ 
 وﺣﺪة ﺑﻨﺎء 01x 9.1٦ﻣﺴﺘﻌﻤﺮة ﻟﻜﻞ ﺟﺮام ، ﺑﻴﻨﻤﺎ وﺻﻞ ﺗﻌﺪاد اﻟﺒﻜﺘﻴﺮﻳﺎ اﻟﻘﻮﻟﻮﻧﻴﺔ اﻟﻰ 
 ﺳﺎﻋﺎت ﻓﻘﺪ ٣درﺟﺔ ﻣﺌﻮﻳﺔ ﻟﻤﺪة ٦١١أﻣﺎ ﺑﻌﺪ اﻟﻤﻌﺎﻟﺠﺔ ﻋﻨﺪ درﺟﺔ ﺣﺮارﻩ . ﺟﺮام / ﻣﺴﺘﻌﻤﺮة 
ﻇﻬﺮت ﻋﻴﻨﺎت ﻣﺴﺤﻮق  أ. ﻟﻰ ﺻﻔﺮإﺪاد اﻟﺒﻜﺘﻴﺮﻳﺎ اﻟﻬﻮاﺋﻴﺔ واﻟﺒﻜﺘﻴﺮﻳﺎ اﻟﻘﻮﻟﻮﻧﻴﺔ ﻧﺨﻔﺾ ﺗﻌإ
ﺟﺮام / وﺣﺪة ﺑﻨﺎء ﻣﺴﺘﻌﻤﺮة   601x4.7 ﻓﻰ اﻟﻌﺪد اﻟﺒﻜﺘﻴﺮى اﻟﻬﻮاﺋﻰ ﺑﻤﻘﺪار  رﺗﻔﺎﻋًﺎإاﻟﺪواﺟﻦ 
ﺗﻌﺰل ﻣﻦ هﺬة ﻣﺎ اﻟﺒﻜﺘﻴﺮﻳﺎ اﻟﻘﻮﻟﻮﻧﻴﺔ ﻓﻠﻢ  ُأ. ﻧﺘﻴﺠﺔ  اﻟﺘﻠﻮث أﺛﻨﺎء اﻟﺘﺠﻔﻴﻒ واﻟﻄﺤﻦ واﻟﺘﻌﺒﺌﺔ 
  . اﻟﻌﻴﻨﺎت 
/  وﺣﺪة ﺑﻨﺎء ﻣﺴﺘﻌﻤﺮة 701x0.5      ﻣﺘﻮﺳﻂ ﺗﻌﺪاداﻟﺒﻜﺘﻴﺮﻳﺎ اﻟﻬﻮاﺋﻴﺔ ﻓﻰ ﻣﺨﻠﻔﺎت اﻟﻤﺠﺘﺮات   
وﺑﻌﺪ اﻟﻤﻌﺎﻟﺠﺔ ﻓﻰ .  ﺟﺮام/وﺣﺪة ﺑﻨﺎء ﻣﺴﺘﻌﻤﺮة   601x 4.3ﺟﺮام ، وآﺎﻧﺖ اﻟﺒﻜﺘﻴﺮﻳﺎ اﻟﻘﻮﻟﻮﻧﻴﺔ 
  301x4.1ﻧﺨﻔﺾ ﻣﺘﻮﺳﻂ ﺗﻌﺪاد اﻟﺒﻜﺘﻴﺮﻳﺎ اﻟﻬﻮاﺋﻴﺔ اﻟﻰ إ ﺳﺎﻋﺎت ٤ درﺟﺔ ﻣﺌﻮﻳﺔ ﻟﻤﺪة ٠٣٢
أﻣﺎ ﻋﻴﻨﺎت ﻣﺴﺤﻮق اﻟﻤﺠﺘﺮات ﻓﻜﺎن ﻣﺘﻮﺳﻂ .ﻧﺨﻔﻀﺖ اﻟﺒﻜﺘﻴﺮﻳﺎ اﻟﻘﻮﻟﻮﻧﻴﺔ اﻟﻰ اﻟﺼﻔﺮإوﺣﺪة ، و
وﺣﺪة ﺑﻨﺎء ﻣﺴﺘﻌﻤﺮة  601x 6.1وﺣﺪة، ﺑﻴﻨﻤﺎ اﻟﺒﻜﺘﻴﺮﻳﺎ اﻟﻘﻮﻟﻮﻧﻴﺔ  501x5.5ﺗﻌﺪاد اﻟﺒﻜﺘﻴﺮﻳﺎ 
ixx 
رﺗﻔﺎع ﻓﻰ اﻟﻌﺪد اﻟﺒﻜﺘﻴﺮى ﻓﻰ اﻟﻌﻴﻨﺎت ﺑﻌﺪ اﻟﺘﻌﺒﺌﺔ ﻏﻴﺮ ﻣﺴﻤﻮح ﺑﻪ ﻓﻰ ﻋﻼﺋﻖ هﺬا اﻹ. ﺟﺮام /
  .   اﻟﺪواﺟﻦ
 ﻋﻠﻰ اﻟﺸﻜﻞ ، ﺗﻔﺎﻋﻠﻬﺎ ﻣﻊ ﻨﻔﺖ ﺑﻨﺎءًاﺰﻟﺔ ُﺻ َﻋ٦٩١    ﺑﻠﻐﺖ ﺟﻤﻠﺔ اﻟﺒﻜﺘﻴﺮﻳﺎ اﻟﻤﻌﺰوﻟﺔ     
ﺷﺮﻳﻜﻴﺔ اﻟﻘﻮﻟﻮﻧﻴﺔ، ﺰل  اﻹﺣﻴﺚ ﺗﻢ َﻋ. ﺧﺘﺒﺎرات اﻟﻜﻴﻤﺎﺋﻴﺔ اﻟﺤﻴﻮﻳﺔ ﺻﺒﻐﺔ ﺟﺮام ، واﻹ
اﻟﺴﺎﻟﻤﻮﻧﻴﻼ ، اﻟﻜﻠﺒﺴﻴﻼ ، اﻟﻤﺘﻘﻠﺒﺔ ،  اﻟﻴﺮﺳﻴﻨﻴﺎ، اﻟﻠﺴﺘﻴﺮﻳﺎ، اﻟﺰاﺋﻔﺔ، اﻟﻤﻜﻮرات اﻟﻌﻨﻘﻮدﻳﺔ، 
 .ﻟﺴﺒﺤﻴﺔ، اﻟﻌﺼﻮﻳﺎت،اﻟﻮﺗﺪﻳﺎت ،واﻟﻤﻄﺜﻴﺔ اﻟﻤﺘﺴﺎﻣﺤﺔ ﻟﻠﻬﻮاءاﻟﻤﻜﻮرات ا
     أﻋﻠﻰ ﻣﻌﺪﻻت  ﺗﻠﻮث ﺑﻜﺘﻴﺮى ﺣﺪث  ﻓﻰ ﻋﻴﻨﺎت  اﻟﻤﺨﻠﻔﺎت  ﻗﺒﻞ  اﻟﺘﺼﻨﻴﻊ ﻣﻤﺎ  ﻳﺪل ﻋﻠﻰ    
  ﺧﻄﻮرﺗﻬﺎ 
  . ﻋﻠﻰ اﻟﺒﻴﺌﺔ واﻻﻧﺴﺎن
ﺰﻟﺖ ﺑﻜﺘﻴﺮﻳﺎ ﺑﻔﺤﺺ اﻟﻌﻴﻨﺎت ﺑﻌﺪ اﻟﻄﺒﺦ ﺣﻴﺚ ُﻋ rekooC ( )         ﺗﻢ ﻗﻴﺎس آﻔﺎءة اﻟﻄﺎﺑﺦ
  snarecam sullicaB و muitret muidirtsolC ﻟﻸﺑﻮاغ اﻟﻤﻘﺎوﻣﺔ ﻟﻠﺤﺮارة ﻣﺜﻞ ﻣﻜﻮﻧﺔ 
ﻣﻦ ﻋﻴﻨﺎت ﻣﺨﻠﻔﺎت اﻟﻤﺠﺘﺮات ﺑﻌﺪ اﻟﻤﻌﺎﻟﺠﺔ ﻣﻤﺎ ﻳﺪل ﻋﻠﻰ ﻋﺪم آﻔﺎءة اﻟﺠﻬﺎز،وأن اﻟﺰﻣﻦ ﻏﻴﺮ 
  .ﻋﺎدة اﻟﻄﺒﺦ إ ﺳﺎﻋﺎت أو ٤آﺘﻤﺎل اﻟﻄﺒﺦ ﻣﻤﺎ ﻳﺘﻄﻠﺐ زﻳﺎدة اﻟﺰﻣﻦ ﻷآﺜﺮ ﻣﻦ  ﻹآﺎٍف
ﻌﺰوﻟﺔ ﻣﻦ ﻣﺨﻠﻔﺎت اﻟﻤﺠﺘﺮات ﻓﻰ اﻟﻤﺴﺤﻮق اﻟﻤﻌﺒﺄ ﻣﺜﻞ          وﺟﻮد ﺑﻌﺾ اﻷﻧﻮاع اﻟﻤ
اﻷﺷﺮﻳﻜﻴﺔ اﻟﻘﻮﻟﻮﻧﻴﺔ، واﻟﻜﻠﺒﺴﻴﻼ ، واﻟﻤﻜﻮرات اﻟﺴﺒﺤﻴﺔ ،واﻟﻤﻜﻮرات اﻟﻌﻨﻘﻮدﻳﺔ ، واﻟﻮﺗﺪﻳﺎت 
،واﻟﻌﺼﻮﻳﺎت ﻳﺪل ﻋﻠﻰ اﻟﺘﻠﻮث ﻧﺘﻴﺠﺔ اﻻﺧﺘﻼط اﻟﻤﺒﺎﺷﺮ ﺑﺎﻟﻤﺎدة اﻟﺨﺎم أﺛﻨﺎء اﻟﺘﺠﻔﻴﻒ ﺑﺎﻟﻬﻮاء أو 
  . اﻟﺘﻌﺮض ﻟﻼﺻﺎﺑﺔ ﺑﺎﻟﺤﺸﺮات واﻟﻘﻮارض
 ﺗﺴﻤﺢ ﺨﺰن ﻓﻰ ﻣﺼﺎﻧﻊ اﻷﻋﻼف أو ﻣﺰارع اﻟﺪواﺟﻦ ﻟﻔﺘﺮاٍت ُﺗ       هﺬة اﻟﻤﻀﺎﻓﺎت ﻋﺎدًة 
  . ﻟﻰ ﻋﻼﺋﻖ اﻟﺪواﺟﻦ إﺿﺎﻓﺘﻬﺎ إﻋﺎدة ﺗﻌﻘﻴﻤﻬﺎ ﻗﺒﻞ ﺈﺑﺘﻜﺎﺛﺮ اﻟﺒﻜﺘﻴﺮﻳﺎ اﻟﻤﻠﻮﺛﺔ ، ﻟﺬا ﻧﻮﺻﻰ ﺑ
  
     
       
  
  
 
 
INTRODUCTION 
       Animal by-products include every thing of economic value, other 
than carcasses obtained from animals during slaughter and processing. 
These products are classified as either edible or inedible for humans ( 
Judge et al., 1989) .  
      Increase in animal population throughout the world with an 
expansion in the number of animal-related industries have served to 
emphasize the vital importance of dealing efficiently and hygienically 
with the problem of animal wastes and in particular, inedible and 
condemned animal material  for the control of epizootic infections  in 
food-producing  animals and for the protection of  the consumer .                               
       People in the  large  American  meat-packing industry were  the  
first  to realize  that  it was of great financial  and  sanitary  advantage 
to  make the fullest use of each slaughtered, dead or condemned 
animal  ( Mann , 1967 ).                       
       Although the value of by-products constitutes only a small 
fraction of live animal value, it is of considerable economic 
importance to the entire livestock and meat industry, and influences 
the price of meat and the price paid to the producer for livestock. 
        In addition to monetary value derived from processed by-
products, conversion of inedible parts of animals into useful products 
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performs very important sanitary function. All inedible parts unless 
processed would acc- 
umulate and decompose, causing undesirable conditions in the 
surrounding environment which attract flies, rats, stray dogs and other  
vermin, thus resulting in a public nuisance and even in  the spread of 
diseases                 ( Kumar,1989 ).  
          Obviously, it is better to produce sterilized, concentrate 
products suitable for stock feed. This process of concentration and 
preservation depends on the reduction of the moisture content to the 
point where bacterial multiplication  is prohibited . Sterilization of by-
products  is  another  basic  
principle of production as, otherwise diseases may be disseminated by 
pathogens present in the raw material ( Mann, 1967 ).            
          Rendering operations perform a very important function in the 
economy of our country. They convert inedible tissues of animals into 
nutritional products (meat meal, bone meal and blood meal) which are 
used in feed for other animals. These products are a source of animal 
protein concentrates, and supply phosphorus and calcium as well as 
vitamin B12 which are essential for growth. They are also well suited 
to correct the deficiency of amino acids present in grasses or grains.  
Meat and blood meals are called concentrates because they contain 
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little fiber and are extremely important in poultry feed, as they allow 
the birds to have a higher intake of proteins without increasing the 
volume of the feed.  
    This study was undertaken to determine the efficiency of various 
stages of processing of inedible poultry and ruminant slaughter by-
products to produce sterile poultry and ruminants by-products meals.  
Objectives   
1- To determine the load and type of bacteria in unprocessed 
slaughter by-    products. 
2- To determine the load and type of bacteria in slaughter by-
products at various stages of processing.   
3- To determine the efficiency of treatment procedures in reducing 
the bacterial load.                      
4- To recommend the best methods for treatment of animal slaughter 
by-products to guarantee their microbiological safety.  
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CHAPTER ( 1 ) 
1.                     LITERATURE  REVIEW  
1:1. Classification of slaughter by-products  
        Animal products other than carcass meat, hides and skins may be 
divided into edible and inedible. This distinction is not rigid as the 
basic factor for this division is determined by the purchasing power of 
the consumer, his food habits, religion and customs.  
   Judge et al.(1989 ) detailed the edible organs and glands, such as 
tongues brains, hearts,  livers  and  kidneys  and  considered  them  a 
variety meat for excellent sources of  many essential nutrients required 
in  human diets. 
While inedible by-products include inedible bones, horns, 
hooves and inedible raw blood and fats.   
        A broiler carcass yield is approximately 65% of live weight 
which means that approximately 35%comprise feather, blood,viscera, 
feet and head which are considered inedible by-products  (Silverside 
and Jones, 1992).   
1:2. By-products plant  
A by-products plant may be a complementary part of the 
slaughterhouse building, provided it is strictly separated  from  the 
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slaughterhouse  itself and not under the  same roof, and  that only 
material from that  slaughterhouse is processed .   
      It’s  better  to have the  slaughterhouse combined with by-products 
plant constructed away  from any  inhabited  area,  rather than to have 
the slaughterhouse in a densely populated area and deliver  the  offal  
to the by-products plant  in rural areas. The building should be 
provided  with a separate enterance to receive the raw materials and a 
clean area for handling and storing the processed products. The floors 
should be impervious, cleanable and sloped to open channels (Franco, 
2002 ).  
       To reduce contamination the raw material may be transported to 
the by- 
products plant by overhead pipes extended from the  abattoir toward  
the by-product plant. In large factory-abattoirs the by-products plant is 
situated in the ground floor under the killing or boning floor so that 
the raw materials may be fed directly through chutes.   
1:3. Inedible slaughter by-products as sources of 
pathogens  
     Inedible material and condemned meat constitute a nuisance and 
sources of contamination to the environment. Contamination of these 
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products is derived mainly from the  animals and abattoir environment       
( Morehouse and Wedman, 1961 and Judge et al., 1989 ) .  
      Gram-negative psychrotrophs ( Pseudomonas , Acinetobacter 
,Moraxella  
and  Enterobacteriaceae )  were  recovered  from  viscera  and  
surfaces  of walls and floors within the abattoir (Newton, Harrison and 
Wanters,1978).  
              El toum (2000) isolated Enterobacteria , Staphylococcus spp. 
, Microc-occus  spp.,  Aerococcus spp. ,  Corynebacterium spp. , 
Kurthia spp.   and Bacillus spp. from normal and abnormal lymph 
nodes collected from goats  slaughtered in  Omdurman  Centeral  
Abattoir. Also Muzquiz et al. (1981) isolated Enterobacteria, 
Staphylococcus , Streptococcus, and Clostridium from condemned 
sheep livers affected with Fasciola  hepatica , these organs are used as 
ruminants by-products for preparation of poultry additives. Morehouse 
and Wedman (1961) investigated pathogens that  might be present in a 
variety of animal by-products  and  found  Bacillus anthracis , 
Mycobacterium tuberculosis var.avian , Clostridium  botulinum 
Staphylococcus spp., Salmonella spp. , Klebsiella spp. , Candida  
albicans  and  Newcastle disease virus .   
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         Smyser, Bacharz and Van Roekel (1963) isolated Salmonella 
typhimu-rium from animal by-products. Also Watkins, Flowers and 
Grumbles (1959) found that numerous species of  Salmonella,  
Escherichia and Proteus  were frequently present in poultry by-
products, feathers and meat and bone scraps.               
       Sonnenchein et al. (1977) isolated Clostridium  perfringens, 
Clostridium  bifermentans  and Corynebacterium spp. from ground 
animal by-products before  rendering treatment .   
1:4. Treatment of inedible slaughter by-products  
       A  number of  different  methods are  available for treatment of  
inedible by-products, all of them are concerned with three objectives:- 
(1) Elimination of water. 
(2) Sterilization of the products. 
(3) Separation of fats.  
The best and most economical method of processing is by heat 
treatment in a jacketed cylinder which gives complete sterilization  
and maximum  return from the treated material.  
The  rendering  process  results in separation of  fats and  
production of protein concentrates  which  are used  almost 
exclusively in feed for livestock and poultry  (Webb and  Price, 1987).  
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    Kumar (1989) divided the rendering methods into simple cooking, 
open pan rendering, wet rendering and dry rendering and considered 
the simple cooking and open pan rendering methods as simple old 
procedures  which have low capital investment .    
 1:4:1. Wet rendering  
        Wet rendering is a process in which the material together with 
added water are subjected to direct high steam pressure ( 40 Pound / 
square inch ) ( psi ) for 5 to 7 hrs.  in vertical cylindrical vessels.  
         This  method became  obsolete  and is not  recommended  
because the products lose proteins in the  water  and  need a long time 
to  completely dry  (Kumar, 1989).     
1:4:2. Dry rendering    
          In this method all the unwanted moisture is eliminated without 
loss of  nutrients and allow an  approximately 20 % higher yield  than 
the wet rendering, as the water containing water-soluble  extracts and  
proteinous suspended matter is not discarded and a considerable 
amount of labor and steam are saved  ( Mann, 1967 )  
1:4:2:1. Dry rendering cooker  
        A dry rendering cooker or melter is a horizontal steam jacketed 
vessel equipped with a set of agitators, which keep the charge in 
continuous motion The steam is applied to the jacket only and not to 
the material to be processed (Fig.1) at a pressure of 40psi (Kumar, 
1989 ) .    
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  Figure 1.  
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The dry heat is then transmitted from the steam jacket to the 
raw material and converts its moisture into steam, which gradually 
builds up the  internal pressure . 
This pressure combined with continuous agitation, disintegrates the 
material and breaks down the fat cells ( Mann, 1967 ; Gracey ,1986 
and Kumar, 1989).The cooking time depends upon the quantity and 
quality of material. 
      After cooking the fat is extracted by chemical or mechanical ways, 
then the product is milled into a fine flour  ( Mann , 1967 ) .                         
1:5. Nutritional value of animal by-products meals  
          Analysis of animal by-product meals shows that they contain 
many essential nutrients. They have a wide use, and substantial 
amounts are used in feed for poultry and other animals.  
When calculating ration formulas,nutritionists compare the costs of 
nutrients supplied  by animal by-products with the cost of the same 
essential  nutrients supplied by alternate products and select the 
ingredients that give the desired nutrient at least cost ( Webb and 
Price, 1987 ) .   
       In poultry rations, meat meal fed at levels of 8 % or 10 % 
provides not only amino acids but a substantial amount of the required 
vitamins,calcium  and  phosphorus , as well as some trace  minerals . 
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A small percentage of blood meal increases the lysine and tryptophane 
content .  
        Sudanese Standards and Metrology Organization (2002)  
specified  that the protein content in poultry meal should not be less 
than 58 % and the fat and moisture contents should not be more than 
18 % and 10 % respectively. The protein content in meat meal should 
not be less than 67 % whereas the fat and moisture should not be more 
than 12 % and 10 % respectively.  
1:6. Bacterial contamination of animal feed concentrates   
         Animal feed get contaminated with bacteria in several ways. Air 
and dust are the most important environmental sources of Gram-
positive bacteria contamination especially Bacillus, Clostridium and 
Micrococcus which contaminate the feed during processing (Jay, 
2000).  
Contamination may also occur if the feed is exposed to faeces 
or other materials from infected rodents, flies,cockroaches, beetles and 
other animal pests (Crump, Griffin and Angulo, 2002) .   
Burgess, Mc Dermott and Whiting (1972) isolated  
Enterobacteriaceae, Bacillus spp., Streptococcus spp., Staphylococcus 
spp. and  Micrococcus  spp. and ova of  a  number of parasites  from 
cockroaches and insects .Also in a study to  demonstrate the incidence 
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of bacteria which might be transmitted  from rodents to animals,  
Samaha  and Ezzat (1986)  isolated  E coli, Staph. aureus, Strep. 
pyogenes, Strep. faecalis, Corynebacterium diphtheriae, 
Corynebacterium  pyogenes , Shigella  flexneri and  Proteus vulgaris.    
Loken et al. (1968) isolated some serotypes of salmonellae from  
environ-mental swabs and  flies which  were  similar  to those  
isolated  from  protein  feed supplement produced  by rendering 
plants, and  reported that flies might be a potential source of 
contamination .  
         Animal feed may contain several bacteria that are harmful to 
animal, these bacteria can pass through the food production chain and 
cause human food borne diseases. Crump  et al. (2002 )  reported an 
outbreak of human  salmonellosis in the United States and linked that 
with eating of contaminated chicken livers . The infection of these 
chicken was traced back to a chicken feed made with bone meal that 
had been contaminated with Salmonella .    
       Strains of Clostridium  perfringens  were  isolated from fish and 
meat meal  ( Pupavac and Lalic, 1990 ) .  
      Siebrits (2003) reported that the greatest risk in animal feed 
manufac- turing was cross-contamination which might happen during 
milling .      
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1:7. Bacterial load in animal feed concentrates   
      Wadi (2002) found a variation in colony forming units per gram  
(C.F.U / gm ) for animal feed ingredients. He found that  raw 
materials of animal origin like meat meal , fish meal and bone meal 
had high bacterial load ranged from  1.6 x 10 4 to  8.0 x 10 5  in meat 
meal  and 6.0 x 10 5 to 1.4 x 10 6   in fish meal . He  indicated that 
meals with  a colony count of   ( 10 5 – 10 6 ) per gram were generally 
considered risky,  not fit for animal consumption and might result in 
infections. However he considered feeds with 500 C.F.U /gm were 
suitable and could be used as animal feed.  
      Sudanese Standards and Metrology Organization (2002) stated 
that concentrates of animal origin must be free from any pathogens.  
      Banerjee  and Shetty (1992 ) found that bacterial count in poultry 
feed  ranged from  1.0 x 10 7 to  8.8 x 10 7 C.F.U / gm  . 
Veldman  et al.  ( 1995 )  found  that  coliform  count in  fish meal  
and meat and  bone meal ranged from  0.0  to 5.6 x 10   and  0.0  to 5.3 
x 10   respectively .  
1:8. Effect of heat on bacteria and bacterial load  
       The effect of dry heat or heat with moisture on bacteria was 
studied by Lui, Snoeyenbos and Carlson (1969 ) . The heat 
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encountered by feed during processing is usually sufficient to destroy 
any bacteria (Cover, Gary and Binder, 1984 ).   
Cox et al. (1986) studied the effects of variations of steam condition 
on the load of different bacteria in poultry feed with different fat 
contents . They used three conditioning pressures; low ( 45.4 kg 
/hr.,57C ) , medium  (90.7 kg / hr., 162 – 169 C )  and  high ( 136 .1 
kg / hr. , 181 -187 C ) and found that the total bacterial count was 
reduced  slightly, but Enterobacteriaceae count was reduced  
appreciably by steam conditioning .Steam conditioning did not 
sterilize the feed, many organisms such as spore forming rods and 
Gram-positive cocci were more resistant to heat than 
Enterobacteriaceceae  also the differences in fat content in feed 
favoured the persistence of bacteria in the feed .  
      Furuta, Oku and Morimoto (1980) found that steam conditioning 
decreased the bacterial load in animal feed from log
10
 4.5 to  log
10
 1.1  
total bacteria / gm . Similar results were obtained by (Cover et al., 
1984).  
1:8:1. Heat-resistant spores  
          Feed concentrates may be contaminated with bacterial spores. 
Vaerewijck  et al. ( 2001 )  found  high  levels  of  Bacillus  spores  in  
feed concentrates  treated  at  80 C  for  10 min., these were spores of  
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B. subtilis   B. pumilus  and  B. licheniformis .  They also found   very  
resistant  spores   after  a  heat treatment of  100 C  for 30 min. which 
belonged to the species   B.subtilis, B. sporothermodurans and B. 
amyloliquefaciens.             Bacillus cereus spores were present in all 
treated feed concentrates.   
This was confirmed by Moran, Row and Hagan (1990) who found that 
the highest percentage of germination rate for spore treated at 80 C 
for10 min. compared with those treated at 90 C for 10 min. and 100 C 
for 10 min. 
     Spores of Bacillus and Clostridium species can survive at higher 
press-ures than that needed to inactivate vegetative cells (Sale, Gould 
and Hami-lton ,1970 ; Mills, Earnshaw and Patterson ,1998 ) . Jinn 
Chyi et al. (2003 ) demonstrated that  B. licheniform  spores had the  
highest  microwave  tolerance  while  B. coagulans spores  showed the 
lowest microwave tolerance .  
1:9. Bacteria associated with slaughter by-products and 
feed concentrates.            
1:9:1. Enterobacteriaceae   
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          Enterobacteriaceae are used for the assessment of 
microbiological quality of feed components, and those isolated from 
feed stuffs were pred-ominantly thermotrophic (Veldman et al. 1995).  
        Psychrotrophic Enterobacteriaceae are widely distributed in 
meat industry and occur commonly on meat and meat products ( 
Newton et al. 1978 ) .  
 1:9:1:1. Salmonella  
        Animal feed constitute one of the major inanimate sources of 
various Salmonella serovars. These serovars have a path of infection 
from animals and ultimately to human beings (Moyle,1966; Bains and 
Mackenzie, 1974)  
       Several investigators isolated Salmonella from products of animal 
origin which are used in preparation of animals and poultry feed.  
Watkins et al. (1959) isolated Salmonella species from poultry and 
animal by-products meals.  
Bensink and Boland (1979) isolated 35 Salmonella species from 
samples taken at various points of processing of slaughter by-
products. They did not isolate Salmonella from any of the samples of 
freshly cooked material, however the material became contaminated 
immediately after leaving the cooker, and the rate increased as the 
products moved along the processing line . 
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     Morehouse and Wedman (1961) isolated some Salmonella  
serotypes from  a variety of animal by-products  and concluded that 
animal by-products in rations  were responsible for specific field 
occurrences of salmonellosis .  
       Tanios  (1997 ) investigated  Salmonella  species in animal feed 
comp-osed of meat and bone meal and poultry meal, and found that 
poultry  meal samples had the highest contamination rate of 20 % , 
and meat and bone meal had a rate of 3.72 % . Salmonellae isolated 
represented nine serovars namely S.muenster, S. cerro, S. typhimurium 
, S. anatum  , S. kingsto S. reubeuss , S. stockholm , S. binza  and  S. 
boecker .  
Laramore and Moritz  (1969 ) isolated Salmonella from fish, 
feather and meat meal , and the highest contamination was found  in 
meat meal , but  Veldman  et al. (1995 ) found  that fish meal had the 
highest contamination of salmonellae. Wadi (2002) recovered 
salmonellae from bone meal and feed concentrates.   
       Mackenzie and Bains (1976) found the same serotypes of 
Salmonella  isolated from poultry farms and feed, in broiler carcasses 
from a processing plant .  
      Jay (2000) indicated that S .enteritidis had not been found in 
rendered products or finished feeds. This agreed with the results 
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obtained by Lara-more and Moritz (1969), Veldman et al. (1995) and 
Tanios (1997).  
However S. enteritidis and S. typhimurium were detected in 
environme- nmental samples taken from poultry houses ( Soumet  et 
al., 1999 ).  
The survival of  S. enteritidis  was highest in deep litter and lowest in 
fish meal and feed ( Pelagic et al.,1998 ) .  
      Bergey´s Manual once used the designation S.gallinarum for both 
non- motile S. pullorum and S. gallinarum which resulted in 
confusion, however they are now listed as S. gallinarum – pullorum 
(Calnek et al., 2000).  Morehouse and wedman (1961) detected non-
motile Salmonella in animal by-products.  El toum  (2000 )  isolated   
S. sandiego  from  lymph  nodes collected from slaughtered goats .  
1:9:1:2. Escherichia   
       E. coli is an indicator bacteria of feacal contamination, and the 
major source of the bacteria in the environment is the faeces of 
infected humans but  there may also be animal reservoirs (Wagner and 
Jr , 2000 ) .  
E. coli is least affected by the conditions on meat surfaces and is likely 
to be the main hazard on meat of normal pH held at room 
temperatures  ( Newton  and Gill , 1980 ) .  
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        E. coli population on the slaughterhouse equipment is 
heterogenous, therefore the simple washing of equipment after several 
hours of processing with a jet of water is not sufficient to remove 
them (Banerjee and Shetty, 1992). Cherrington, Board and Hinton 
(1988) detected E.coli during poultry processing and Soumet et al. 
(1999) isolated E.coli from swabs of poultry houses .  
       E. coli infections include colisepticaemia , colibacillosis ,air 
sacculitis, chronic respiratory disease,  yolk sac  and  navel  infection 
which  result in significant losses in the poultry industry (Abdel 
moghney,1998).  Serotypes of  E. coli which have been associated 
from diseases in domestic animals  and  poultry  were  also  isolated  
from  protein  feed  supplements  produced by rendering plants ( 
Loken et al. 1968 ) .     
Banerjee and Shetty (1992)  isolated E .coli  and other coliform 
bacteria  from poultry feed samples . Also Wadi (2002) isolated E. 
coli from bone meal.   
1:9:1:3. Klebsiella   
        Klebsiella is a member of the family Enterobacteriaceae that 
causes disorders of the digestive tract and other systems.  
Kl. aerogenes and Kl. pneumoniae are the most important members of 
the group associated with animal diseases, and develop in a variety of 
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pathological condition in animals as secondary infections, as well as 
primary causes of suppurative lesions or of generalized infections 
(Buxton and Fraser, 1977).  
      The organisms have been isolated from poultry by-products and 
meat by-products .Morehouse and Wedman (1961 ) and El toum 
(2000) isolated Kl. ozanae and Kl. aerogenes  from lymph nodes of  
slaughtered goats.    
Cox et al. (1986) recognized Kl. pneumoniae in a commercial poultry 
feed which included meat and bone meal .   
       El hussine (2003) found that Kl. pneumoniae was predominant in 
most samples of meat collected from slaughterhouses and retail 
markets.   
1:9:1:4. Proteus  
        Proteus  occurs naturally in the environment of animals and man , 
and particularly in the  intestine,  animal manures, human sewage ,  
soil  and water ( Buxton and Fraser, 1977).  
     Salih (1971) isolated Proteus from bovine and ovine offals 
collected from Omdurman central slaughterhouse and retail markets at 
Omdurman. Soumet et al. (1999) found  P. mirabilis  in poultry 
houses and feed .    
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1:9:1:5. Yersinia  
       Y. psudotuberculosis  has a wide distribution , and  have been 
reported most frequently in chickens and  occasionally in other animal 
species including sheep . The organism is known to occur in wild 
rodents, and in  food contaminated with their faeces and urine (Buxton  
and Fraser,1977 ). 
1:9:1:6. Citrobacter , Enterobacter  and Serratia  
       Citrobacter  freundii  is the most prevalent species in foods , and 
other   species are not uncommon on fresh meats ( Jay , 2000 ). Smith, 
Boardman and Shutt  (1989)  recognized four strains of Citrobacter 
spp.in animal protein feed ingredients. Soumet  et al. (1999 ) isolated  
Citrobacter  spp., Enterobacter  spp. and Serratia  spp. from poultry 
feed and their pens .    
1:9:2. Pseudomonas  
        Pseudomonas species are widely distributed, occurring as part of 
the normal bacterial flora of the intestines of animals and man.                     
The only pathogenic species for animals is P.aeruginosa associated 
mainly with pyogenic infections and development of abscesses and 
wound infections in a variety of animal species (Buxton and 
Fraser,1977).   Pseudomonas species were reported as frequent 
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contaminant of fresh meat and are incriminated in the spoilage of meat 
under aerobic conditions         (Newton and Gill, 1980).   
     El hussien (2003)  isolated a large number of pseudomonas from 
beef samples at slaughterhouses and markets , and reported that  the 
level of contamination of meat with  P.aeruginosa  in slaughterhouses 
was  52 %  compared  with the level of contamination of market meat 
which was 75 %  
     Mohammed  et al.( 1995 ) isolated   P. aeruginosa  from young 
chicks showing symptoms of diarrhoea , ruffled feather and drooping 
wings, and indicated that this was the first out-break of  P.aeruginosa  
in chicks in   Sudan . However  Mohammedein (1996)  isolated  
Pseudomonas spp  from   
dead chicks . El toum (2000) isolated P. aeruginosa, P. putida  and P. 
diminuta  from  lymph nodes of slaughtered goats.  
Wadi ( 2002 ) isolated pseudomonads from animal feed concentrates.  
1:9:3. Clostridium  tertium  
    Clostridium tertium are aero-tolerant Gram-positive, spore forming 
rods and relatively non pathogenic (Sneath et al.,1986).               
 Kopečný, Hodrová and Stewart (1996) isolated it from rumenal fluid 
of cows. While Silvera et al.(2003 ) isolated the organism from cattle 
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affected with enteritis and demonstrated that pure cultures of the 
organism can infect cattle experimentally.   
1:9:4. Staphylococcus  
       Staphylococcus exists in air, dust, sewage, water and food or on 
food equipment, environmental surfaces, human and animals.  
        Production of pigment is  variable, but it is a common feature of 
staph-ylococcal growth on solid media and the colour varies from 
yellow, orange,   red and black ( Barrow and Feltham ,1993 ) .   
    Coagulase-positive Staph.aureus constitutes the main pathogenic 
species and is part of the bacterial environment of animals and man, 
and occurs commonly on skin, saliva, and intestines; faeces of man 
and many species of animals, as well as in water, soil and air (Buxton 
and Fraser, 1977).  
Potential pathogenicity of coagulase-negative staphylococci is 
recognized particularly in urinary tract and skin such as Staph. 
saprophyticus  and Staph. epidermidis .These species and in addition 
to Staph. cohnii, Staph. xylosus, Staph. sciuri  and  Staph. lentus are 
considered  of animal origin    ( Barrow and Feltham , 1993 ) .  
     Staphylococci in raw meat may originate from handlers who are 
the main source of meat contamination, however equipment and 
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environmental surfaces are also sources of contamination with Staph. 
aureus ( Wagner  and Jr, 2000 ) .  
      A bacteriological study of fresh beef showed that Staph. aureus 
and  Staph. epidermidis were the most common in samples ( El 
hussien , 2003 ).                   
     Contamination with staphylococcus is considered to be 
unavoidable in poultry abattoirs. Adams and Mead (1983) isolated 
Staph. aureus from a defeathering machine and also from carcasses at 
subsequent stages of processing which survived routine cleaning and 
disinfection procedures . Morhouse and Wedman  (1961 ) 
demonstrated  Staphylococcus spp. in by-products meals after 
processing. Ahmed et al.(1995) isolated  Staph. aureus and Staph. 
epidermidis from poultry feeds and feed ingredients.  
Wadi (2002) reported that staphylococci were the most prevalent 
organisms in different samples of bone, meat and fish meals.   
1:9:5. Streptococcus  
     The natural habitats of streptococci are the skin, throat, nose, 
digestive tract and urogenital tract of animal and man (Buxton and 
Fraser, 1977).   
     Ahmed et al. (1995) isolated Strep. faecalis from poultry feeds and 
feed ingredients.   
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    Enteric streptococci were isolated from feed supplements produced 
by rendering plants (Loken et al., 1968).    
     Salih (1971) reported the isolation of streptococci from the water 
supply of Omdurman Central Slaughterhouse.  
    Large number of Streptococcus spp.were isolated from condemned 
sheep livers affected with Fasciola  hepatica  ( Muzquiz et al., 1981 )  
1:9:6. Enterococcus   
       Enterococci may be found in dust and are widely distributed, 
especially in such places as slaughterhouses and curing rooms, where 
meat products are handled (Jay, 2000).  
       Salih (1971 ) found  Enterococcus  spp. in water of Omdurman 
Central   Slaughterhouse , and suggested that the  water used for  
washing might be a potential source of contamination of meats with 
Enterococci .  
      Loken et al. (1968) isolated Enterococci from samples of protein 
feed supplements produced by rendering plants.   
1:9:7. Micrococcus  
       Organisms of the genus micrococcus comprise mostly 
environmental   
and saprophytic strains ( Barrow and Feltham, 1993 ) .  
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     Staph. xylosus and Micrococcus  varians show  lipolytic activity in 
meat ( Kenneally, Leuschner and Arendt ,1998 ).  Salih (1971) 
isolated Microco-cci from samples of sheep and bovine offals 
collected from Omdurman Central Slaughterhouse and retail meat 
markets. Wadi (2002) found Micro-coccus spp.  in meat, bone and fish 
meals and in other feed ingredients. Loken et al. (1968) found  
Micrococcus were predominant in products from rendering plants. 
1:9:8. Bacillus   
      El toum (2000) isolated  B. cereus, B. firmus , B. pantothenticus , 
B. coagulans and B. brevis from samples of lymph nodes collected 
from goats slaughtered in Omdurman Abattoir. 
       Wadi (2002) found that Bacillus spp.  were  the  most common 
isolates detected in samples of meat , bone and fish meals and eight 
species  were identified namely B. lentus , B. brevis , B. alvei , B. 
mycoides , B. pantothe-nticus , B. megaterium , B. cereus  and  B. 
firmus . Also Loken et al.(1968)  found that Bacillus  were 
predominant in products produced by rendering plants  
       B. cereus is widely distributed in nature and food stuffs, the 
organism is readily conveyed by meat (Gracey, 1986). 
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1:9:9. Corynebacterium   
     C. pseudotuberculosis is associated with lymphadenitis in sheep 
and goats  ( Buxton and Fraser, 1977 ). El toum (2000) found that C. 
pseudotu-berculosis was predominant in lymph nodes of slaughtered 
goats. Wadi (2002) isolated Corynebacterium spp.  from bone meal, 
offals and complete feedstuffs . Loken et al. (1968) isolated the 
organism from protein feed supplements produced in rendering plants.  
1:9:10. Listeria  
      Listeria species are widely distributed in nature, and have been 
isolated from soil and water. In farm animals, infection is associated 
with poor quality silage. In humans infection occurs among abattoir 
workers and those involved in the meat trade (Barrow and Feltham, 
1993).  
    Listeria  monocytogenes was  isolated from litter, water and soil 
samples from broiler (Calnek et al.,2000 ).  Fenlon (1985) identified 
five species of  listeria from wild birds .  
Hussein (1997) isolated L. monocytogenes and other Listeria spp. 
from egg shell and laying hens .  
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1:9:11. Kurthia  
      Kurthia is a Gram-positive rod found in chains. It is motile and 
surface colonies are rhizoid ,growth occurs at a temperature of 5 to 45 
C.  
     Sneath et al.(1986 ) isolated the organism from faeces of human 
patients suffering from diarrheoa, and indicated that the source of 
infection was meat contaminated with  kurthia in the abattoirs .   
Barrow and Feltham (1993) isolated the organism from meat and dairy 
products and occasionally from clinical material, but considered it non 
pathogenic.   
1:9:12. Animal feed hygiene   
        Public concern  about food safety of animal derived foods was 
highlig-hted due to food borne  bacterial  infections  outbreaks , 
outbreak of  bovine spongiform encephalopathy ( BSE ) and the 
discovery of the control role played by controlling infected meat and 
bone meals. This is also concern about microbial resistance to 
antibiotics caused by veterinary drug residues (Siebrits, 2003 )   
     Bacteria do not multiply in feed under normal circumstances 
because of  their low  moisture  content , but they do so readily if 
water is added to feed ( Carlson and Snoeyenbos , 1970 ) . In general  
good  feed  manufacturing  practice , heat treatment and correct 
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handling and storage of raw materials and finished feeds , which 
includes keeping moisture level very low are considered the main 
measures that must be used to minimize the risk of  infection from 
animal feed ( Ahmed  et al., 1995 ) .  
      Salmonellosis is a very important disease not only from the 
economic point of view, but also from the public health aspect as it is 
a zoonotic disease and the control of infection from animal feed 
depends mainly on the selection of salmonella- free raw materials 
from reputable sources and an effective heat treatment of the 
ingredient (Tanios, 1997) 
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CHAPTER ( 2 ) 
2.                   MATERIALS AND METHODS 
 
2:1.   Sampling  procedure    
2:1:1. Types of samples  
2:1:1:1. Ground poultry by-products   
          Include ground of inedible parts of carcasses of slaughtered 
poultry such as offals, heads, feather and fats, in addition to dead birds 
in pens and  disposal parts from hatching .  
2:1:1:2. Cooked poultry by-products  
      Are the finally ground poultry by-products treated by dry-
rendering for three hours.  
2:1:1:3. Packed poultry by-products meal  
     Dried cooked poultry by-products treated by miller machine and 
packed in bags .  
2:1:1:4. Ground ruminants by-products   
       Include the ground of condemned parts of slaughtered ruminants 
and parts or whole carcasses confiscated  from stealthily slaughtered 
animals.   
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2:1:1:5. Cooked ruminants by-products                                                              
       The  finally ground ruminants by-products treated by dry-
rendering for  
four hours and then cooled.                                                             
2:1:1:6. Packed ruminants by-products meal   
        Are cooked ruminants by-products dried for two days in air, 
treated by miller machine and packed in bags. 
2:1:2. Collection and transportation of samples   
        Separate samples of  25 – 30 gm. each were randomly collected 
from ground, cooked and  packed, poultry and ruminants by-products 
from the poultry and  ruminant slaughter by-products unit in Arab 
Company for Livestock Development and El houda Slaughterhouse .   
        A total of 54 samples were collected at various stages of 
processing as follows:-   
Nine ground samples of poultry by-products and nine ground samples 
of ruminants by-products were collected after they had been loaded in 
the cooker as raw material and minced for 1-2 hrs .  
Nine cooked samples of poultry by-products and nine cooked samples 
of ruminants by-products were collected after treatment with heat at 
116 C for 3 hrs. and 230 C for 4 hrs. respectively and then cooled.  
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Nine samples of packed poultry by-products meal and nine samples of 
packed ruminants by-products meal were collected after being air dry, 
milled and packed.                                                                               
      The  samples were collected in sterile containers and  transported 
to the laboratory on ice without delay, and examined to determine 
aerobic bacterial load  and  isolation and  identification of  bacterial 
contaminants. 
2:1:3. Preparation of the samples  
      In the laboratory, one gm. of ground, cooked and packed samples 
was  added to 10 ml of normal saline to make an initial  1:10 dilutions 
(Harrigan  and McCance , 1976  ) . 
2:2. Dry-rendering cooker  
         A steam-jacketed tank equipped with an internal agitator 
contents. 
The pressure used for complete cooking of poultry by-products was 7 
bars and the temperature was 116 C . Ruminant by-products were 
cooked under 80 pound/sq.inc. and the temperature was 230 C.  
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2:3. Collection of blood, serum and plasma  
         Blood for enrichment media, was collected into sterile flasks 
which contained glass beads by venipuncture of the jugular vein of 
healthy donor sheep and defibrinated . For serum, blood was allowed 
to clot overnight in the refrigerator and the serum was removed 
aseptically. 
Blood for plasma was collected from rabbits or human and  
centrifuged for  5–10 minutes .  
2:4. Preparation of culture media  
      All  media were  prepared  according to Oxoid  (1973) , Difco ( 
1972 ) and Barrow and Feltham ( 1993 ) and their ingredients were 
given below.   
2:4:1. Solid media   
2:4:1:1. Nutrient agar (Oxoid CM 3)   
                 Ingredients                              Quantity  
                        Yeast extracts                          2  gm    
                        Peptone                                    5  gm   
                        Sodium chloride                      5  gm   
                        Agar                                        15 gm   
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       Twenty-eight grams of powder were added to 1 liter of distilled 
water, dissolved and the pH was adjusted to 7.4.The medium was 
sterilized by autoclaving at 121C for 15 min. before being poured into 
sterile Petri-dishes in 20 ml volumes.   
2:4:1:2. Blood agar  ( Oxoid CM 55 )  
     To every 90 ml of molten sterile nutrient agar, 10 ml of sheep 
defidri-nated blood were added aseptically at 45 – 50 C, mixed and 
poured into sterile Petri–dishes in 15 – 20 ml volumes.  
2:4:1:3. Mac Conkey  agar (Oxoid CM 71 )  
                       Ingredients                                 Quantity   
                          Peptone                                      20    gm   
                          Lactose                                      10    gm   
                          Bile salt no.3                              1.5   gm  
                          Neutral red                                 0.03 gm  
                          Agar                                           15    gm   
       Fifty-one point five grams of medium were suspended in a liter of 
distilled water, dissolved and the pH was adjusted to 7.4 . The 
medium was sterilized by autoclaving at 121 C for 15 min., and then 
poured aseptically in sterile Petri-dishes in 15-20 ml volumes.   
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2:4:1:4. Plate count agar  (Oxoid CM 325 )   
                          Ingredients                                  Quantity  
                          Casein enzymic hydrolysate       5    gm  
                          Tryptone                                      5    gm   
                          Yeast extract                               2.5  gm   
                           Dextrose                                     1    gm    
                           Agar                                            9    gm     
        Twenty-three point five grams of powder were suspended in a 
liter of distilled water, dissolved and the pH was adjusted to 7.4 .The 
medium was sterilized by autoclaving at 121 C for 15 min and poured 
in sterile Petri-dishes.    
 2:4:1:5. Milk agar  (Oxoid CM 21 )   
                          Ingredients                                    Quantity  
                         Yeast extract                                  3  gm  
                          Peptone                                         5  gm   
                          Milk                                              10  ml  
                          Agar                                              15 gm   
      Twenty-four grams were suspended in a liter of distilled water, 
dissolved 
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and the pH was adjusted to 7.2 . The medium was sterilized by 
autoclaving at 121 C for 15 min. and then poured in sterile Petri-
dishes.      
2:4:1:6. Phenolphthalein phosphate agar  ( Oxoid SR 31 ) 
                       Ingredients                                       Quantity         
                          Phenolphthalein phosphate             10      ml   
                          Nutrient agar                                   1000  ml   
        The sterile nutrient agar was melted and cooled to 45 – 50 C, 
then the  phenolphthalein phosphate solution was added aseptically, 
mixed and distri-buted into sterile Petri-dishes. 
2:4:1:7. Simmon׳s citrate agar  ( Difco  B 91 ) 
                           Ingredients                                     Quantity  
                           MgSO4                                           0.2    gm 
                           (NH4) H2PO4                                 0.2    gm  
                           Na NH4PO4                                   0.8    gm  
                           Na Cl                                              5       gm  
                           Sodium citrate                                2       gm  
                           Bromothymol blue                          0.08 gm  
                           Agar                                                15    gm   
       Twenty-three grams were suspended in one liter of distilled water,  
boiled to dissolve completely and the pH was adjusted to 7.0.The 
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medium was sterilized by autoclaving at 121 C for 15 min. and 
distributed into bijou bottles in portion of 5 ml each and left to solidify 
in slant position.    
2:4:1:8. Urea agar  ( Oxoid CM 53 )   
                    Ingredients                                                    Quantity  
                    Peptone (Oxoid L37 )                                    1       gm 
                    Dextrose                                                        1        gm                                 
                    Sodium chloride                                            5       gm 
                    Disodium phosphate                                     1.2     gm 
                    Potassium dihydrogen phosphate                 0.8     gm 
                    Phenol red                                                     0.012 gm 
                    Agar (Oxoid L13)                                         15      gm 
    Two point four grams of medium were suspended in 95 ml of 
distilled water, which was brought to boil to dissolve the powder 
completely. The                                             medium was then 
sterilized by autoclaving at 121 C for 15 min. , cooled to 50 C and  
aseptically we add introduced 5 ml of sterile 40% urea solution, mixed 
and then distributed in 10 ml volumes into sterile bijou bottles and 
allowed to solidify in a slant position  .   
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2:4:1:9. Lecithovitellin agar ( Barrow and Feltham , 1993 )   
            Ingredients                                                            Quantity  
            Lecithovitellin solution (egg yolk emulsion)        100  ml  
            Nutrient agar                                                         900  ml  
    The sterile nutrient agar was melted and cooled to 55 C before 
lecithovi-tellin solution was added, then the medium was mixed and 
poured into sterile Petri-dishes.   
2:4:1:10. Starch agar  (Barrow and Feltham , 1993 ) 
                          Ingredients                                         Quantity  
                          Potato starch                                       10     gm  
                          Nutrient agar                                      1000  ml  
        The starch was triturated with 50 ml distilled water to a smooth 
cream, added to melted nutrient agar and mixed, sterilized at 115 C for 
10 min. and poured into sterile Petri-dishes.  
2:4:1:11. Aesculin agar  ( Barrow and Feltham , 1993 ) 
                          Ingredients                                        Quantity  
                          Aesculin                                            1      gm   
                          Ferric citrate                                      0.5   gm  
                          Agar                                                  20     gm  
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       The contents were dissolved in 100 ml peptone water, sterilized 
by auto-claving at 115 C for 10 min. and poured in sterile bottles and 
allowed to set in a slope position.   
2:4:1:12. Bile aesculin agar  ( Barrow and Feltham , 1993 )  
                          Ingredients                                        Quantity  
                          Ox bile dehydrated                            40    gm  
                          Aesculin                                             1     gm  
                          Ferric citrate                                       0.5  gm  
                          Agar                                                  15   gm  
                          Nutrient broth                                   1000  ml  
     All the ingredients except aesculin were dissolved by heating, 
allowed to cool and then the aesculin was added. The medium was 
dispensed in bottles, sterilized at 115 C for 20 min. and allowed to set 
as slopes.  
2:4:1:13. 40 % bile agar (Barrow and Feltham, 1993)  
                          Ingredients                                          Quantity  
                          Ox bile, dehydrated                            40     gm  
                           Nutrient agar                                     1000  ml    
      To melted nutrient agar, bile was added, mixed and dissolved. The 
medium was sterilized at 115 C for 20 min. and cooled to 55 C before 
 ٤٠
5 % serum was added aseptically. It was then poured into sterile 
plates.  
2:4:1:14. Ammonium salte sugars (ASS) (Barrow and Feltham, 
1993)  
              Ingredients                                                            Quantity   
                Ammonium monohydrogen phosphate                 1     gm  
                Potassium chloride                                                0.2   gm   
             Magnesium sulphate                                              0.2   gm  
               Yeast extract                                                           0.2   gm  
               Agar                                                                        20    gm  
               Bromocresol purple                                                4       ml  
               Distilled water                                                        1000 ml           
     The solids were added to the water, dissolved by steaming. The 
indicator was added and the medium was sterilized at 115 C for 20 
min.. The basal medium was cooled to 60 C, then the appropriate 
carbohydrate was added as a sterilized solution to give a final 
concentration of 1 %, mixed and distribut- ed into sterile tubes and 
allowed to set as slopes.  
2:4:1:15. Nutrient gelatin (Oxoid CM 135a)   
                  Ingredients                                                         Quantity  
                  Lab- Lemco powder                                           3     gm   
 ٤١
                  Peptone                                                               5     gm  
               Gelatin                                                                120  gm  
    One  hundred and twenty eight grams were suspended in one liter of 
distilled water , dissolved , sterilized by autoclaving at 121C for 15 
min.,and mixed  well before pouring in bottles  and cooled to below 
20 C or left to set in a refrigerator.                                                                              
2:4:1:16. Desoxycholate citrate agar (DCA) (Oxoid CM 227)                   
Ingredients                                                        Quantity 
 Lab-Lemco                                                       5.0   gm 
  Peptone                                                            5.0    gm  
                  Lactose                                                             10.0  gm 
                  Sodium citrate                                                  8.5    gm 
                  Sodium thiosulphate                                         5.4    gm 
                   Ferric citrate                                                    1.0    gm 
                  Sodium desoxycholate                                     5.0    gm 
                  Neutral red                                                        0.02  gm 
                  Agar                                                                  12.0  gm 
       Fifty two grams of powder were suspended in 1 lit. distilled 
water, then brought to the boil over flame and poured into sterile 
dishes.  
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*This medium is heat sensitive therefore excessive or prolonged 
heating was avoided during reconstitution and was not autoclaved.                          
2:4:2. Semi solid media  
2:4:2:1. Hugh and Leifson´s  ( O/F ) medium (Barrow and Feltham, 
1993).                                                                                    Ingredients                         
Quantity 
                   Peptone                                                             2   gm 
                   NaCl                                                                 5    gm 
                   K2HPO4                                                            0.3 gm 
                   Agar                                                                  3    gm 
                   Bromothymol blue 0.2 % aq.sol                      15   ml 
       The ingredients were dissolved in 1lit. of distilled water in a water 
bath. The pH was adjusted to 7.1, then the indicator was added before 
sterilization by autoclaving at 115 C for 20 min.. A sterile solution of 
glucose solution was aseptically added to give a final concentration of 
1%. The medium was mixed and distributed aseptically as 7 ml 
volume in sterile test tubes  
2:4:2:2.  Craigie tube medium (Barrow and Feltham, 1993)                       
                 Ingredients                                                     Quantity   
                   Dehydraetd nutrieint broth powder                13   gm  
                   Agar                                                                5     gm  
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        An amount of 15 grams nutrient broth was add to 5 grams agar 
and dissolved in 1lit. of distilled water and the pH was adjusted to 7.2 
. The medium was distributed as 5 ml volumes in test tubes containing 
craigie tubes and sterilized by autoclaving at 115 C for 15 min.. 
2:4:3. Liquid media 
2:4:3:1. Nutrient broth  (Oxoid CM 1 )  
                          Ingredients                                                 Quantity  
                          Lab –lemco powder                                    1  gm  
                          Yeast extract                                               2  gm  
                           Peptone                                                      5  gm  
                           NaCl                                                           5  gm             
         Thirteen grams of the medium were suspended in 1 lit. of 
distilled water , dissolved and the pH was adjusted to 7.4 . The 
medium was distribu-ted  as 5 ml volumes in test tubes  and sterilized 
by autoclaving at 121 C for min. .  
2:4:3:2. Peptone water medium (Oxoid CM 9 )   
                       Ingredients                                               Quantity       
                          Peptone                                                     10  gm  
                          NaCl                                                          5   gm            
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         Fifteen grams of the medium were dissolved in 1lit.of distilled 
water and the pH was adjusted to 7.2 . The medium was distributed 
into 5 ml volumes and sterilized by autoclaving at 121 C for 15 min .  
2:4:3:3. Peptone water sugars (Barrow and Feltham, 1993)  
                        Ingredients                                             Quantity  
                           Peptone water medium                           900  ml  
                          Appropriate-sugar solution  
                             (10 % in peptone water)                       100  ml  
       All ingredients were mixed and the pH was adjusted to 7.1 then 
10 ml of Andrade’s indicator were added. The medium was 
distributed in 5 ml volumes in test tubes and sterilized by autoclaving 
at 115 C for 10 min..    
2:4:3:4. Methyl red and Voges Proskaur medium (Oxoid CM 43 ) 
                           Ingredients                                             Quantity  
                            Peptone                                                  5    gm  
                            K2HPO4                                                                              5    gm  
         Ten grams of ingredients were suspended in 1 lit. distilled water, 
dissolved by steaming and the pH was adjusted to 7.5 . Five grams of 
glucose were then added, mixed and the medium was distributed into 
5 ml volumes  in test tubes and sterilized by autoclaving  at 121 C 
for15 min. .  
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2:4:3:5. Nitrate broth  ( Barrow and Feltham , 1993 )   
                            Ingredients                                            Quantity        
                            KNO3                                                    1       gm  
                            Nutrient broth                                       1000  ml        
       The potassium nitrate was dissolved in the broth which was 
distributed in 5 ml volumes in test tubes and sterilized by autoclaving 
at 121 C for 15 min.            
2:4:3:6. Malonate–phenylalanine medium (Barrow and 
Feltham,1993 )    
                         Ingredients                                          Quantity  
                             (NH4)2SO4                                                  2     gm  
                             K 2 HPO4                                                0.6  gm  
                             K 2HPO4                                               0.4  gm  
                             NaCl                                                     2     gm  
                             Sodium malonate                                 3     gm  
                             D-L-phenylalanine                               2     gm   
                            Yeast extract                                         1     gm  
                             Bromothymol blue (0.2 % aq.sol.)      12.5  ml  
        All ingredients were dissolved in distilled water by heating and 
filtered. The indicator solution was then added before sterilization by 
autoclaving at 115 C for 20 min. .  
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2:4:3:7. Gluconate broth  (Barrow and Feltham , 1993 )  
                            Ingredients                                           Quantity  
                             Peptone                                                1.5   gm  
                            Yeast extract                                         1      gm  
                             K2 HPO4                                                                           1     gm  
                             Potassium gluconate                             40   gm  
       The powder was dissolved in 1 lit. of distilled water by heating 
and the pH was then adjusted to 7.0 . The medium was filtered and 
sterilized at 115 C for 20 min.  
2:4:3:8. Robertson´s cooked meat medium (Barrow and 
feltham,1993)    
                         Ingredients                                           Quantity  
                            Minced lean bovine meat                      1000   gm  
                            0.05 N-NaOH                                        1000    ml  
         Alkali solution  was added to the meat, mixed and boiled for 20 
min. with frequent stirring . The fat was skimmed and the pH was 
adjusted to 7.5 . The liquid part was strained through muslin and the 
excess fluid was squeezed out. Meat particles were dried at 44 C, 
distributed into screw capped bottles to a depth of 2.5 cm. and nutrient 
broth was added to each bottle to a depth of  5 cm. then sterilized at 
115 C for 20 min. .  
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2:4:4. Diluents    
2:4:4:1. Normal saline   
        About 8.5 gm of sodium chloride was added to 1lit. distilled 
water, mixed ,dissolved and sterilized by autoclaving at 121C for15 
min.  
2:4:5. Reagents  
      All reagents were obtained from British Drugs House Chemicals 
(UK) and prepared according to Barrow and Feltham, (1993) . 
2:4:5:1.  Hydrogen peroxide   
       This was prepared  as  3 % hydrogen  peroxide which was  
protected from light and stored in a cool place until used for catalase 
test .               
2:4:5:2. Oxidase test reagent  
          A fresh aqueous solution of 1% tetramethyl- p- 
phenylenediamine  was added to a fresh solution of 1 % ascorbic acid 
. This was used to impregnated filter papers 50 x 50 millimeters. 
which were dried at 50 C.  
2:4:5:3. Kovac´s reagent   
               p- dimethylaminobenzaldehyde                      5  gm  
              Amyl alcohol                                                   75 ml  
              Conc. HCl                                                        25 ml   
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    The  aldehyde was dissolved in alcohol by gentle warming in a 
water bath at 50 –55 C, cooled and added to the acid carefully, then 
stored at 4 C    
2:4:5:4.  Voges-Proskaüer test reagent   
       * Solution  A   
                           5 % α-naphthol in alcohol  
       * Solution B   
                          40 %  aqueous solution NaOH  
2:4:5:5. Nitrate test reagent   
        * Solution A   
                         0.33 % sulphanilic acid in 5 N-acetic acid dissolved by    
                        gentle heating.  
        *Solution B  
                       0.6 % dimethyl-α-naphthylamine in 5 N-acetic acid .  
        * Zinc dust  
2:4:5:6. Benedict´s reagent     
               Sodium citrate                                         17.3  gm  
                 Na2  CO3  anhydrous                                 10    gm  
                 CuSO4.5H2O                                            1.73 gm  
                 Distilled water                                          100  ml  
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     Sodium citrate and sodium carbonate were dissolved in 60 ml of 
distilled water. Copper sulphate was dissolved in 20 ml of distilled 
water and added to the first solution with constant stirring. The final 
solution was adjusted to required volume with distilled water.                
2:4:5:7. Lugol´s iodine   
                 Iodine                                                       5  gm  
                 Potassium iodine                                      10 gm     
      The constituents were dissolved in 100 ml distilled water and used 
after dilution 1/5 with distilled water .                                                            
2:4:5:8. Methyl red solution   
                  Mehtyl red                                               0.04  gm  
                  Ethanol                                                    40    gm  
                  Distilled water                                         100   ml  
       The methyl red was dissolved in ethanol and diluted to required 
volume with distilled the water. 
2:4:5:9. Lead acetate paper   
      Filter papers of 4-5 mm. wide and 50-60 mm. long were 
impregnated in lead acetate saturated solution and dried.  
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2:5. Cultural methods 
2:5:1. Aerobic viable count 
      The method of Miles and Misra (1938) was used to determine 
viable count of bacteria. One ml from homogenate samples was 
serially diluted in 9 ml normal saline to prepare ten-fold dilutions till 
the sixth dilution.  Using the appropriate dilutions 0.1 ml drops from a 
calibrated dropping pipette was deposited onto the surface of the dried 
plate count agar for total viable bacterial count and MacConkey agar 
media for coliform count in triplicates manner. The plates were then 
incubated at 37C for 48 hrs.   
         The dilution chosen for counting provided between 30-300 
colonies. The average number of colonies from triplicate plates was 
calculated and multiplied by dilution factor to give the number of 
colonies forming unit (CFU) per ml and multiplied by ten to give the 
CFU/gm.  
2:5:2. Aerobic cultivation and purification   
      Blood and MacConkey agar plates were streaked with 
homogenate samples to give isolated colonies and incubated at 37 C 
for 24 hrs. . The plates were examined visually for detection of growth 
and any changes in the media.    
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   Purification was done by repeated sub-culturing of well isolated 
colonies on new media. The growth was checked for purity by 
examining by Gram´s stained smears.   
 Pure cultures were persevered into cooked meat medium and stored at 
4 C.  
2:5:3. Anaerobic cultivation  
         This was done for identification of aero-tolerant clostridia. 
Cultured media were incubated in an oxygen-free atmosphere in an 
anaerobic jar. The O2 in the jar was replaced using disposable foil 
envelope containing sodium borohydride ,  citric acid and sodium 
carbonate  which generate  hydrogen and carbon dioxide when  water  
is  add (Brewer and Allgeier, 1966 ) .   
2:5:4. Identification of isolates 
      Pure culture isolates were identified according to (Barrow and 
Feltham , 1993 ) .   
2:5:4:1. Primary tests  
2:5:4:1:1. Gram´s stain 
       Gram´s stain was done as described by (Cruickshank et al.,1975) 
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2:5:4:1:2. Oxidase test  
       The organism was grown on nutrient agar. Oxidase reagents were 
added to a piece of filter paper. The test organism was picked with a 
sterile  
 bent glass rod and rubbed on the filter paper.  
Recorded result: A dark purple colour that developed in 5 to 10 
seconds was considered as a positive result. 
2:5:4:1:3. Catalase test  
       A drop of 3 % aqueous solution of hydrogen peroxide was placed 
on a  
clean slide and a small amount of the bacterium colony was placed on 
the drop by glass rod .  
Recorded result: Production of gas bubbles indicated a positive result.  
2:5:4:1:4. Motility test  
       Motility medium was stabbed with straight loop and incubated at 
37C.   Recorded result: Motile bacteria migrated out side craigie tube 
through the  medium which become turbid.   
Non-motile bacteria were confined to the stab line.    
2:5:4:1:5. Sugar fermentation tests  
         The sugar media were inoculated, incubated at 37 C and 
examined daily for up to 7 days .  
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Recorded result: A red colour in the medium indicated acid 
production.     Gas formed in the inverted Durham tube.    
2:5:4:1:6. Oxidation-Fermentation ( O-F ) test  
        Two tubes containing Hugh and Leifson´s medium were 
inoculated, one being covered with a layer of sterile paraffin oil and 
both were incubated at 37 C for up to 14 days.  
Recorded result: A yellow colour in both tubes  was  caused  by 
fermentative organisms. 
           A yellow colour in the unsealed tube is indicative of oxidative 
organisms .  
2:5:4:2. Secondary tests   
2:5:4:2:1. Citrate utilization   
         Simmon´s citrate media was inoculated with test-organisms and  
incubated at 37 C for 7 days .  
Recorded result: Bluish colour indicated positive results.   
2:5:4:2:2. Urease activity   
           Streaked urea agar was incubated at 37 C for 7 days.  
Recorded result: Change in colour to pink indicated a positive 
reaction. 
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2:5:4:2:3. Hydrolysis of Gelatin  
          After inoculation, nutrient gelatin was incubated at 37 C for up 
to 14 days and every 2-3 days the tube was placed in the refrigerator 
for two hrs.   
Recorded result: Positive  result  recorded  when  gelatin remained 
liquefied in the refrigerator temperature .  
2:5:4:2:4. Malonate utilization  
          A tube of  malonate–phenylalanine  medium was  inoculated  
lightly with the organism  and incubated at 37 C for 18-24 hrs.   
Recorded result: A positive reaction was indicated by a deep blue 
colour. 
 Negative reaction was indicated by the unchanged                         
greenish colour of the medium. 
2:5:4:2:5. Gluconate utilization   
      Gluconate broth was lightly inoculated with the organism and 
incubated at 37C for 2 days . Then 1 ml of Bendict´s qualitative 
solution was added, mixed and boiled for 10 min. . 
Recorded result:  The formation of a brown precipitate constituted a 
positive reaction .   
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2:5:4:2:6. Methyl red reaction   
        Glucose phosphate medium was inoculated with test-organism 
and incubated at 37 C for 48 hrs then 2-4 drops of methyl red solution 
were added and the tube was shaken.  
Recorded result: Development of a red colour indicated a positive 
reaction.  
 2:5:4:2:7. Voges-Proskaüer ( V-P ) test   
        Glucose phosphate medium was inoculated with the organism 
and incubated at 37 C for 48 hrs. then 0.6 ml of  ( 5 % α-naphthol ) + 
0.2 ml of   ( 40 % Potassium hydroxide ) (KOH ) aqueous solution 
were added . The tube was shaken well and examined after 30 min. .  
Recorded result: The appearance of a bright pink colour indicated 
positive production of acetyl-methyl carbinol .   
2:5:4:2:8. Nitrate reduction   
       Nitrate broth was inoculated lightly with the organism and 
incubated for up to 5 days. One ml of nitrate reagent A and reagent B 
were added.  
Recorded result: A deep red colour indicated reduction of nitrate to 
nitrite.  
  A negative result should be confirmed by addition of zinc dust , if 
dose not result in the development of colour no nitrate remain.    
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2:5:4:2:9. Hydrolysis of starch  
       Starch agar was streaked with the test isolate, incubated at 37 C 
for 5 days and then flooded with Lugol´s iodine solution.  
Recorded result: Clear colorless zone indicated starch hydrolysis. 
2:5:4:2:10. Production of indole  
       Peptone water medium was inoculated with the test organism and  
incubated at 37 C for 24-48 hrs, before Kovac´s reagent was poured 
down on the wall of the culture tube to make a top layer.                                                
Recorded result: Development of a red colour between the layers 
indicated a positive reaction.  
2:5:4:2:11. Digestion of casein   
       Streaked plates of casein agar with the organism were examined 
at intervals for up to 7 days.  
Recorded result: Clearing zone around the bacterial growth was a 
positive test. 
2:5:4:2:12. Ammonium salt sugar   
      Ammonium salt sugar medium was inoculated with the organism 
and incubated at 37 C for 7 days.  
Recorded result: Growth and acid production indicated a positive 
result.  
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2:5:4:2:13. Production of hydrogen sulphide    
       A tube of peptone water was inoculated with the organism and 
lead acetate paper was inserted between the plug and tube. The tube 
was then incubated at 37 C and examined daily for 7 days.  
Recorded result: Blackening of paper due to H 2 S production 
indicated a positive result.   
2:5:4:2:14. Lecithovitellin reaction   
         Lecithovitellin agar was inoculated with the organism, 
incubated at 37 C for 5 days and examined for growth.  
Recorded result:  Opalescence around the growth and appearance of 
pearl layer around the colonies was a positive reaction .  
2:5:4:2:15. Phosphatase test   
         Phenolphthalein phosphate agar was streaked with the organism 
and incubated at 37 C for 18 hrs, then 0.1 ml of concentrated ammonia 
solution was placed on the lid of the Petri-dish and the medium was 
inverted on the lid. 
Recorded result: Free phenolphthalein liberated by phosphatase 
reacted with the ammonia and phosphatease positive colonies became 
bright pink .             
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2:5:4:2:16. Aesculin hydrolysis   
        Aesculin agar was inoculated with the organism, incubated at 37 
C and examined daily for 7 days.  
Recorded result: Blackening of the medium indicated a positive 
result.  
2:5:4:2:17. Tube coagulase test   
       Fresh plasma was diluted 1:10 in physiological saline and 0.5 ml 
of diluted plasma was placed in a sterile agglutination test tube .Then 
0.5 ml of an overnight broth culture of the test organism was  added 
and the tube was incubated at 37 C and  examined for coagulation 
after 1,2 and 24 hrs .  
Recorded result: Coagulation of the tube contents was a positive 
result. Negative result was recorded after further incubation for 24 hrs.  
2:5:4:2:18. Novobiocin sensitivity test   
       A plate of nutrient agar was dried in the incubator for 30 min. , 
then a diluted suspension of an overnight culture of the organism was 
poured onto the surface of the medium . Excess fluid was aspirated 
and the plate was allowed to dry again for 30 min..Using sterile 
forceps the antibiotic disc was gently applied on the plate and 
incubated at 37 C for 24 hrs.  
 ٥٩
Recorded result: Inhibition of growth around the disc indicated 
sensitivity to the antibiotic. 
     Absence of a clear zone around the growth indicated resistance to 
antibiotic.  
2:5:4:2:19. Bile aesculin test   
       Streaked aesculin bile agar was incubated at 37 C for 24 hrs.  
Recorded result: The growth and blackening of the medium it was a 
positive result. 
2:5:4:2:20. Bile tolerance  
       Test-organism was streaked onto 40 % bile agar plate and 
incubated at 37 C for 24 – 28 hrs.  
Recorded result: Growth indicates resistance to bile.  
2:6. Statistical design and analysis 
      This experiment was designed in 2 x 3 factorial arrangement. 2 
represe-nts the different types of by-products (Poultry and ruminants 
by-products) and 3 represents different processing treatments 
(Ground, Cooked and Packed).  
     Data were collected and analyzed statistically by analysis of 
variance ( ANOVA ) using  chi-square test to determine the effect of 
different types of by-products and effect of treatment on bacterial 
contaminants.      
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   Chi-square test is most commonly used to test hypotheses 
concerning the frequency distribution of one or more populations, and 
uses for analysis of attribute data and for homogeneity of variance 
according to Gupta (2004).    
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CHAPTER ( 3 ) 
3.   RESULTS 
    
       One hundred and ninety six isolates were made from 54 samples, 
(61  from 27 samples of poultry slaughter by-products and 135 from 
27 samples of  ruminants by-products )  (Tables,1 and 2 ).  
3:1. Aerobic bacterial load in  
3:1:1. Ground poultry by-products  
       The  aerobic plate counts of  ground  poultry  by-product  samples  
ranged from  9x 106 to 4.5 x 108 colony forming unit per gram ( 
CFU/gm ) with an average load of  11 x 107   CFU/gm . While the 
coliform count ranged from 9.0 x 104   to   1.2 x 108   CFU/gm, with 
an average 1.9 x 106 CFU/gm. (Table, 3 ) .  
3:1:2. Cooked poultry by-products   
       Samples from this source did not give any bacterial growth when 
cultured.  
3:1:3. Packed poultry by-products meal    
       The aerobic plate counts of samples from this source ranged from                        
3.5 x 104 to 4.9 x 107 CFU/gm, with an average load of  7.4 x 106  
CFU/gm . While the coliform count was Zero (Table, 3) .  
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3:1:4. Ground ruminants by-products  
      The  aerobic  plate counts of ground ruminants by-products 
samples  ranged from 1.4 x 106  to  4.4 x  108  CFU / gm, with an 
average 5.0 x 107 CFU/gm . While the coliform count  ranged  from  
2.7 x103  to  2.1 x 107 CFU/gm , with  an  average load of  3.4 x 106  
CFU/gm (Table, 3 ).   
3:1:5. Cooked ruminants by-product   
       The  aerobic plate  counts of cooked  ruminants by-products were 
within the  range of   5.9 x 102 to 4.1 x 105 CFU/gm ,  with  an  
average  load  of 1.4 x 103, while the coliform count was Zero (Table, 
3 ).  
3:1:6. Packed ruminants by-products meal  
      The aerobic plate counts of packed ruminants by-products meal 
samples were within the range of 2.0 x 105 to 3.5 x 108 CFU/gm., 
with an average load of 5.5 x 105 CFU/gm. The coliform count ranged 
from 3.0 x 104 to 5.8 x 106 CFU/gm. with an average load of 1.6 x 
106 (Table, 3).  
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Table (1): Prevalence of aerobic bacteria in poultry slaughter by-
products     examined at various stages of processing.  
 
* No. of isolates / Total no. of isolates 
 
 
 
 
Source 
No. of 
samples 
No. of 
isolates 
Frequency 
of isolation % 
Ground poultry by-
products 
 
9 
47 
 
47/61*  ( 77.1 % ) 
 
Cooked poultry by-
products 
9 0 0 
Packed poultry by-
products  meal 
9 14 14/61   (22.9 % ) 
Total 27 61  
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Table(2): Prevalence of aerobic bacteria in ruminants slaughter by-
product examined at various stages of processing.    
 
Source 
 
 
No. of samples 
 
No. of isolates 
 
Frequency of isolation % 
Ground ruminants 
by-products 
 
9 
 
71 
 
71/135* (52.6 % ) 
Cooked ruminants 
by-products 
 
9 
 
10 
 
10/135   (7.4 %) 
Packed ruminants 
by-products meal 
 
9 
 
54 
 
54/135   (40 %) 
Total 27 135  
 
* No. of isolates / Total no. of isolates  
 ١
Table (3): Total viable count and coliform count of poultry and ruminants by-products at different stages of 
processing. 
 
 
Total viable count Coliform count Source 
Minimum Maximum Average Minimum Maximum Average 
Ground poultry by-
products 9 x 10
6 4.5x 108 11x 107 9.0 x 104 1.2 x 108 1.9 x 106 
Cooked poultry by-
products 0 0 0 0 0 0 
Packed poultry by-
products meal 3.5 x 10
4 4.9 x 107 7.4x 106 0 0 0 
Ground ruminants by-
products 1.4 x 10
6   4.4 x 108 5.0x 107 2.7 x 103 2.1 x 107 3.4 x 106 
Cooked ruminants by-
products 5.9 x 10
2 4.1x 105 1.4x 103 0 0 0 
Packed ruminants by-
products meal 2.0 x 10
5 3.5 x 108 5.5x 105 3.0 x 104 5.8 x 106 1.6 x 106 
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3:2. Bacteria species from different samples  
3:2:1. Ground poultry by-products  
     Different isolates were made from these samples: Enterobacteria,  
Staphylococcus, Streptococcus, Enterobacter, Stomatococcus, 
Corynebac-terium, Listeria, Kurthia  and  Bacillus ( Tables, 5,6,7 and 
8 ). 
3:2:2. Cooked poultry by-products  
      No isolates were made from cooked poultry by-products. 
3:2:3. Packed poultry by-products meal  
     Few species belonging to the genera Staphylococcus, Mirococcus 
,Aero- coccus and Bacillus were isolated from this product  (Tables, 
5,6,7 and 8 ). 
3:2:4. Ground ruminants by-products  
     Samples from this source gave the highest recovery rate of bacteria 
isolates included  Enterobacteria , Staphylococcus , Streptococcus , 
Enterococcus , Aerococcus , Stomatococcus , Mirococcus , Gemella ,  
Corynebacterium, Kurthia, Bacillus and aero-tolerant Clostridium 
(Tables, 5,6,7 and 8).  
3:3:5. Cooked ruminants by-products                                                                         
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Samples from  cooked  ruminants by-products treated  at 230 C for 4 
hrs gave spore forming bacteria such as aero-tolerant Clostridium  
tertium and  Bacillus mecerans (Table, 8).  
3:2:6. Packed ruminants by-products meal  
      Isolates from samples from  this source were  Enterobacteria , 
Staphyl-ococcus, Stereptococcus, Micrococcus, Stomatococcus 
,Gemella , Kurthia , Corynebacterium  and  Bacillus (Tables, 5,6,7 
and 8 ).  
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Table (4): Frequency of isolation of various aerobic bacterial species 
from poultry and ruminants by-products.  
 
 
    Microorganism 
 
Poultry by-products  
 
 
Ruminants by-products 
 
E. coli 8/196*    (4.1 %)a 9/196*     (4.6 %)a 
Salmonella spp. 1/196      (0.5 %)a 1/196       (0.5 %)a 
Kelbsiella spp. 1/196      (0.5 %)a 8/196       (4.1 %)a 
Proteus spp. 7/196      (3.6 %)a 7/196      (3.6 %)a 
Serratia spp. 1/196      (0.5 %)a 2/196      (1.0 %)a 
Enterobacter spp. 1/196      (0.5 %)a 3/196      (1.5 %)a 
Citrobacter spp. 1/196      (0.5 %)a 1/196      ( 0.5 %)a 
Hafnia spp 0.0 1/196      ( 0.5 %)a 
Providencia spp. 1/196      (0.5 %)a 1/196      ( 0.5 %)a 
Psudomonas spp. 5/196      (2.6 %)a 0.0 
Yersinia  spp. 1/196      (0.5 %)a 0.0 
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Table (4) continued  
Staphylococcus spp. 14/196    (7.1 %)a 30/196     (15.3 %)a 
Streptococcus spp. 1/196      (0.5 %)a 6/196       (3.1 %)a 
Enterococcus  spp. 1/196      (0.5 %)a 1/196       (0.5 %)a 
Micrococcus spp. 1/196      (0.5 %)a 5/196       (2.6 %)a 
Aerococcus  spp. 1/196      (0.5 %)a 2/196      (1.0 %)a 
Stomatococcus spp. 1/196      (0.5 %)a 2/196      (1.0 %)a 
Gemella spp. 0.0  3/196      (1.5 %)a 
Corynebacterium spp. 2/196      (1.0 %)a 8/196      (4.1 %)a 
Listeria spp. 1/196      (0.5 %)a 0.0 
Kurthia  spp. 4/196     (2.0 %)a 6/196      (3.1 %)a 
Clostridium spp. 0.0 18/196    (9.2 %)a 
Bacillus spp. 8/196     (4.1 %)a 21/196   (10.7 %)a 
 
* No. of isolates / Total no. of isolates  
a Percentages  within row  are significantly different  (P<0.05 ). 
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Table(5): Enterobacteria and Pseudomonas spp. isolated from poultry and ruminants slaughter by-products at 
different  stages of processing .  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Frequency of isolation from  
Microorganism 
Ground 
poultry by-
products 
Cooked 
poultry by-
products 
Packed 
poultry by-
products meal 
Ground 
ruminants by-
products 
Cooked 
ruminants 
by-products 
Packed ruminants 
by-products 
meal 
E.coli 8/196* 
(4.1%)a 
- - 7/196* 
(3.6%)a 
- 2/196* (1.0%)a 
Salmonella  enteritidis 1/196   
(0.5%)a 
- - - - - 
Non-motile  Salmonella - - - 1/196   
(0.5%)a 
- - 
Proteus  mirabilis 7/196   
(3.6%)a 
- - 7/196   
(3.6%)a 
- - 
Enterobacter  cloacae 1/196   
(0.5%)a 
- - - - - 
Enterobacter  aerogenes - - - 3/196   
(1.5%)a 
- - 
 ٢
Table (5) continued  
 
              
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*No
. of  isolates / Total no. of isolates                                      
a Percentages within row are significantly different (P<0.05). 
Citrobacter  freundii 1/196   (0.5%)a - - - - 1/196   (0.5%)a 
Yersinia  pseudotuberclosis 1/196   (0.5%)a - - - - - 
Providencia alcalifaciens     
( Proteus providencia ) 
1/196   (0.5%)a - - - - 1/196   (0.5%)a
Klebsiella  pueumoniae    
subsp. arogenes 
1/196   (0.5%)a - - 3/196   (1.5%)a - 2/196   (1.0%)a
Klebsiella  pueumoniae 
subsp. pueumoniae 
- - - - - 2/196   (1.0%)a
Klebsiella  pueumoniae 
subsp. ozaenae 
- - - 1/196   (0.5%)a - 1/196   (0.5%)a
Sarritia  plymuthica 1/196   (0.5%)a - - - - 2/196   (1.0%)a
Hafnia  alvei - - - 1/196   (0.5%)a - - 
Pseudomonas  aerouginosa
 
5/196   (2.6%)a - - - - - 
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         Table(6): Saphylococcus spp. isolated from poultry and ruminants slaughter by-product at different stages of  
processing. 
 
 
Frequency of isolation from 
 
 
 
Microorganism 
 
Ground poultry 
by-products 
Cooked 
poultry by-
products 
Packed poultry 
by-products meal 
Ground ruminants 
by-products 
Cooked 
ruminants 
by-
products 
Packed ruminants 
by-products  
meal 
Staphylococcus sciuri 2/196* (1.0%)a - - 1/196* (0.5%)a - - 
Staph. saprophyticus 1/196   (0.5%)a - - - - 1/196*   (0.5%)a 
Staph. kloosii 1/196   (0.5%)a - 1/196* (0.5%)a 1/196  (0.5% )a - 1/196     (0.5%)a 
Staph. gallinarum 1/196   (0.5%)a - - - - - 
Staph. simulans 2/196   (1.0%)a - 2/196   (1.0%)a 2/196   (1.0%)a - 4/196     (2.0%)a 
 
Staph. chromogens - - 1/196   (0.5%)a 4/196   (2.0%)a - 6/196     (3.1%)a 
Staph. carnosus - - 2/196   (1.0%)a - - 2/196     (1.0%)a 
 ٤
 
 
 
             
           Table (6) continued  
 
Staph. lugdunensis - - 1/196   (0.5%)a - - - 
 
Staph. caseolyticus - - - 1/196   (0.5%)a - - 
Staph. xylosus  - - - 1/196   (0.5%)a - - 
Staph. warneri - - - 1/196   (0.5%)a - - 
Staph. epidermidis  - - - - - 1/196   (0.5%)a 
Staph. hominis  - - - - - 1/196   (0.5%)a 
  
 
        *  No. of isolates / Total no. of isolates  
 
          a Percentages  within row  are significantly different  (P<0.05 ). 
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Table (7): Gram-positive cocci isolated from poultry and ruminants slaughter by-product at different stages of 
processing. 
 
Frequency of isolation from * 
 
Microorganism 
 
Ground poultry 
by-products 
Cooked 
poultry 
by-
products 
Packed poultry 
by-products meal 
Ground ruminants 
by-products 
Cooked 
ruminants 
by-
products 
Packed ruminants 
by-products 
 meal 
Streptococcus sanguis - - - 1/196* (0.5%)a - 2/196* (1.0%)a 
Strep. dysgalactiae - - - 1/196   (0.5%)a - - 
Strep. suis  1/196* (0.5%)a - - 2/196   (1.0%)a - - 
Enterococcus  faecium 1/196   (0.5%)a - - 1/196   (0.5%)a - - 
Gemella  haemolysans - - - 2/196   (1.0%)a - 1/196   (0.5%)a 
Micrococcus  varians  - - - - - 1/196   (0.5%)a 
Micrococcus  reoseus 1/196   (0.5%)a - 1/196* (0.5%)a - - - 
Micrococcus spp. - - - 1/196   (0.5%)a - 1/196   (0.5%)a 
Aerococcus  spp. - - 1/196   (0.5%)a 2/196   (1.0%)a - - 
Stomatococcus  mucilage. 1/196   (0.5%)a - - 1/196   (0.5%)a - 1/196   (0.5%)a 
 
     *  No. of isolates / Total no. of isolates                
       a Percentages  within row  are significantly different  (P<0.05 ). 
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   Table(8): Gram-positive bacilli isolated from poultry and ruminants slaughter by-products at different stages of 
processing.  
Frequency of isolation from  
 
 
 
Microorganism 
 
Ground 
poultry by-
products 
Cooked 
poultry by-
products 
Packed poultry 
by-products 
 meal 
Ground ruminants 
by-products 
Cooked ruminants 
by-products 
Packed ruminants 
by-products 
 meal 
Corynebacterium  
pseudodiphtheriticum 
 
2/196* 
(1.0%)a 
- - - - - 
C. matruchotii - - - 1/196* (0.5%)a - 3/196*   (1.5%)a 
C. pseudotuberclosis - - - 1/196   (0.5%)a - 2/196     (1.0%)a 
Listeria  murrayi 1/196   
(0.5%)a 
- - - - - 
Kurthia gibsonii 4/196   
(2.0%)a 
- - 4/196  (2.0% )a - 2/196     (1.0%)a 
Bacillus cereus 1/196   
(0.5%)a 
- 1/196* (0.5%)a - - - 
B. badius 1/196   
(0.5%)a 
- 1/196   (0.5%)a - - - 
 
 
 
 
 ٧
       Table (8) continued  
 
B. sphaericus - - 1/196  (0.5% )a - - - 
 
B. lentus 1/196   (0.5%)a - 1/196   (0.5%)a 1/196   (0.5%)a - - 
B. pantothenicus - - 1/196   (0.5%)a 1/196   (0.5%)a - 2/196     (1.0%)a 
B. subtilis - - - 4/196   (2.0%)a - 2/196     (1.0%)a 
B. brevius - - - 1/196   (0.5%)a - - 
B. thuringiensis - - - 1/196   (0.5%)a - 2/196     (1.0%)a 
B. licheniformis - - - 1/196   (0.5%)a - - 
B. macerans - - - 1/196   (0.5%)a 1/196*  (0.5%)a - 
Bacillus spp. - - - - - 1/196     (0.5%)a 
B. mycoides - - - - - 3/196     (1.5%)a 
Clostridium tertium - - - 9/196   (4.5%)a 9/196    (4.5%)a - 
  
       * No. of isolates / Total no. of isolates  
          a Percentages  within row  are significantly different  (P<0.05 ). 
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Fig. (2):  Prevalence of different spp. of bacteria in poultry and ruminants slaughter by-products. 
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Fig.( 7 ): Citrobacter freundii isolated from ground ruminants by-products                  
on Mac Conkey agar.
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Fig.( 8 ): E. coli isolated from packed ruminants by-products meal on 
Mac Conkey agar.
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Fig.( 6 ): Clostridium tertium isolated from cooked ruminants by-products 
on blood agar, incubated anaerobically.
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Fig.( 11 ):  Bacillus cereus isolated  from  packed poultry  by-products 
meal on blood agar.
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Fig.( 5 ): Clostridium tertium isolated from cooked ruminants by-products                 
on nutrient agar, incubated anaerobically and showing irregular margins. 
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Fig.( 9 ): Salmonella enteritidis isolated from ground poultry by-products on 
Desoxycorticosterone acetate  (DCA agar.
 XVII
 
 
 
80 7
Fig.(10): Colonies of Kurthia gibsonii on gelatin agar showing rhizoid 
margins.                    
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CHAPTER (4 ) 
4.                          DISCUSSION 
      Rendering operations perform a sanitary stand point in disposing 
of proteinaceous  animal tissues, which are not used as food and 
which might other wise become a potential health  hazard if not 
properly handled and processed  ( Mann,1967 ). Rendering industry is 
experienced in rendering and sterilizing these materials to the 
economic advantage of everyone concerned: the livestock producer, 
processor, consumer and the general public ( Mann, 1967; Webb and 
Price, 1987 and Kumar, 1989 ).  
       In this study the aerobic bacterial load and types of bacteria in 
poultry and ruminants slaughter by-products at various stages of dry-
rendering  processing were determined.    
      The results demonstrated that raw material before treatment 
constituted a high risk as the aerobic plate count of ground poultry by-
products ranged from 9 x 106 to 4.5 x 108 CFU/gm. and coliform 
counts ranged 9 x104 to 1.2 x 108 CFU/gm., whereas that of ground 
ruminants by-products ranged from 1.4x 106 to 4.4 x 108 CFU/gm. 
and coliform counts ranged from 2.7 x 103 to 2.1 x 107 CFU/gm. . 
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The high coliform count in ground poultry by-products might be due 
to the offals which constituted the main parts of raw material.                                        
        Cooked poultry and ruminants by-products treated at 116 C for 3 
hrs and 230 C for 4 hrs respectively, resulted in a decline of aerobic 
plate counts of cooked poultry by-products to zero and that of cooked 
ruminants by-products to 5.9 x102 to 4.1 x 105 CFU/gm. . The 
coliform counts were reduced to zero in both products. The high 
variation in aerobic bacterial count in cooked ruminants by-products 
compared to cooked poultry by-products may be attributed to the large 
masses and high fat contents of treated ruminants by-products (Cox et 
al., 1986).   
        The aerobic plate counts of packed poultry by-products meal 
ranged from 3.5 x 104 to 4.9 x 107 CFU/gm. and coliform counts  
were zero, whereas the aerobic plate counts of  packed ruminants by-
products meal ranged from 2 x 105  to 3.5 x 108 CFU/ gm. and 
coliform counts ranged from 3.0 x 104  to 5.8 x 106  CFU/gm.. This 
does not agree with Wadi (2000) who found a lower range of aerobic 
plate count of 1.6 x 104  to      8.0 x 105 CFU/gm. and concluded that 
meals with counts of  105 -106 CFU/gm. were considered dangerous 
 XX
and not fit for animals consumption , whereas feed with 5 x 102 
CFU/gm. or  less were suitable .                                                          
The increase in aerobic plate count noted in this study after air 
drying, milling and packing was probably due to recontamination 
from feed mill equipment, drying on the floor and environment.   
       In the present study the isolation of bacteria from ground, cooked 
and packed samples was done without pre-enrichment. The 
identification was made by conventional bacteriological techniques. It 
is possible that some bacteria were missed and the identification of 
isolates was not complete. 
      There was a significant difference (P<0.05) in the frequency of 
isolation of different species of bacteria between poultry and 
ruminants by-products (Table, 4), also between ground, cooked and 
packed poultry and ruminants by-products (Table, 5, 6,7 and 8 ). 
These differences are due to meat type, methods of treatment i.e. 
temperature used and duration of treatment.     
        Enterobacteria were the most common bacteria isolated and 
found in ruminants in high percentage (16.3 %) than poultry (11.2%) 
,which agrees with Newton et al. (1978 ) who reported that 
psychrotrophic Enterobacteri-aceae were widely distributed in meat 
industry.  
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       Salmonella spp. were detected from animal by-products by 
Morehouse and wedman (1961) and from animal by-products meals 
by Watkins et al. (1959). In this study S. enteritidis was isolated once 
from ground poultry by-products (offals, feather, birds dead in pens 
and hatching by-products ).  So contamination with S. enteritidis may 
be from poultry houses or hatcheries ( Soumet et al.,1999 and  Pelagic 
et al., 1998 ) .  
         In this study non-motile Salmonella was isolated once from 
ground ruminants by-products, a similar result was obtained by 
Morehouse and Wedman (1961). This might be due to contamination 
from rodents or wild birds as the raw material was stored in the 
reception area which was open and not cleaned or treated with 
disinfectants and vermicides regularly.        A complete identification 
of this non-motile Salmonella was not possible due to lack of 
facilities.   
Salmonella was not detected in packed by-products meals, contrary to 
the findings of Laramore and Moritz (1969 ) who found the highest 
contamina-tion with  Salmonella in meat meal .  
       Escherichia coli  was the most commonly isolated organisms 
from ground poultry by-products (4.1%), ground ruminants by-
products (3.6 %) and packed ruminants by-products meal (1.0 %). It’s 
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occurrence in ground samples might be contracted from 
slaughterhouse equipment, from chicks infected with E.coli or due to 
contamination during poultry processing (Soumet et al.,1990; 
Banerjee and Shetty,1992 and Abdel moghne,1998 ).               
Presence of E. coli in packed samples indicates recontamination 
during air drying on the floor .  
       In this study Klebsiella spp. were not common in ground poultry 
by-products (0.5 %) and were absent in cooked and packed samples, 
but they were isolated ( Kl. ozenae  and  Kl. aerogenes ) from ground  
ruminants by-products, the source of these organisms might be 
condemned ruminants parts. Similar findings were obtained by 
Morehouse and Wedman (1961);  El toum (2000) and El hussine 
(2002).  Kl. pneumoniae was isolated from packed ruminants by-
products meal, which agrees with Cox et al.(1983 ) who isolated it 
from meat and bone meal.  
       Proteus mirabilis was detected more frequency in ground poultry 
and ruminants by-products, this agrees with Salih (1971) and Soumet 
et al. (1999). 
      Pseudomonas aeroginosa was detected in ground poultry by-
products and it’s source might be the dead birds in the raw by-
products ( Mohammed et al.,1995 and Mohammedein,1996 ).  
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Pseudomonas spp. were not recovered from ruminants by-products at 
various stage of processing, although El-toum (2000) isolated three 
species of  Pseudomonas from lymph nodes  and El hussien (2003) 
found P. aeroginosa  in large numbers in beef samples.        
       Coagulase- negative staphylococcus were the most common 
isolates in poultry by-products (7.1 %) and ruminants by-products 
(15.3 % ),  due  to their wide distribution in the environment .Presence 
of Staphylococcus spp. in packed meal agrees with Morhouse and 
Wedman (1961) and  Wadi (2002 ). Staph. aureus was not detected in 
this study contrary to the findings of Ahmed et al. (1995 ) who 
isolated this organism from meat and bone meals.                           
       Streptococcus sanguis, S. dysgalactiae and S. suis were isolated 
from ground ruminants by-products and the sources of contamination 
are probably condemned ruminants by-products or slaughterhouse 
environment, Salih (1971) and Muzquiz et al. (1981) isolated 
streptococci from condemned ruminants parts and from 
slaughterhouse environment.  
       Enterococcus faecium was detected in both ground by-products 
which agrees with Jay (2000) who reported that this organism was 
widely distri-buted in slaughterhouses.  
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        A group of Gram-positive bacilli which included 
Corynebacterium, Bacillus , Kurthia , Listeria and an aero-tolerant 
Clostridium was detected in different samples,  most of these 
organisms are  potential pathogens.   
      Bacillus spp. were the predominante isolates from both poultry by-
products (4.1 %) and ruminants by-products (10.7 %). They were 
isolated at various stages of processing which agrees with  Loken et 
al.(1968) ; El toum (2000) and Wadi (2003). B. cereus was detected 
once in ground poultry by-products and in packed poultry by-products 
meal.  B. macerans and aero-tolerant Cl. tertium were recovered from 
cooked ruminants by-products which were treated at 230 C for 4 
hrs..It is possible that the efficiency of the cooker had declined and 
that the temperature was lower than 230 C and that cooking for 4 hrs. 
at this temperature was not sufficient to destroy these sporulating 
bacteria.                                                                                                       
      Clostridium tertium is usually considered non pathogenic, 
however in a  recent study Silvera et al. (2003) isolated it from cattle 
affected with enteritis and it is presence might be due to affected parts 
or from rumen fluid ( Kopečnỳ et al.,1996 ).    
      Corynebacterium  psuodotuberclosis and C. matruchotii were 
isolated in this study from ground ruminants by-products and their 
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sources might be affected lymph nodes, this agrees with El-toum 
(2000). The isolation of Corynebacterium spp. from packed ruminants 
by-products agrees with Loken et al.(1968) who isolated them from 
meal produced in rendering plants. 
     Listeria murrayi was isolated once from ground poultry by-
products which agrees with Hussein (1997).  
    The presence of Kurthia in poultry by-products and ruminants by-
products is due to contamination from abattoirs .      
      This study revealed that slaughter by-products may serve as 
potential sources of pathogenic bacteria and that efficient dry-
rendering is considered the best method of treatment for sterilization 
of these by-products to produce a safe food additives.  
       In this study all species of bacteria isolated from final poultry by-
products belonged to Bacillus spp. and Staphylococcus spp. with 
absence of Enterobacteriaceae. This indicates the efficiency of the 
rendering process and that recontamination occurred from the 
environment during air drying. In case of final ruminants by-products 
isolates included Enterobacteriaceae, Staphylococcus, Streptococcus, 
Micrococcus, Corynebacterium, Kurthia , and Bacillus spp., source of 
these organisms might be originally infected material or contact of 
rendered material with raw ones . To improve the situation, there 
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should be separation between reception and drying areas. Also the 
floors should be easy to clean, sloped and regularly treated with 
disinfectants and vermicides and properly protected from insects, 
rodents and wild birds to avoid recontamination.  
       Establishment of quality assurance systems based on the 
principles of good  manufacturing  practice  and  proper  
transportation  of  feedstuffs  to  
factory or poultry farms will contribute to the production of safe feed 
additives.     
        
RECOMMENDATIONS 
• Modernization of slaughterhouses and construction of by-
products processing units in each slaughterhouse.   
• Development of appropriate technology for collection of 
slaughters by-products. 
• Proper heat treatment of ruminants by-products by increasing 
the time of cooking to more than 4 hrs.  
• Attention should be given to separation of raw materials from 
processed products and there should be separate areas for storages of 
the former and areas where the latter are milled, packed and stored.   
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• Proper  hygiene  during  handling  and storage of end products 
at low  
          moisture to minimize the risk of contamination. 
• Standards of bacterial load must be specified for slaughters by-
products meals.  
• New plastic sacks should be used with labelled batch tags.  
• More work is needed to find efficient methods for recovery of 
contaminating potential pathogens from slaughters by-products and to 
determine the pathogenicity of each one, and it is economic 
importance.       
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